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Fit ^jcT fern 


WTTft^t WITTR! 3TFT 

°l(ile) 3l J l41 qiSfTTSffefej 4t MIcP-l ^hvTi 14®hf4rl qi^4 

-HIHMd: FTt^l (W 
10cfe)felHfe dlUM felR%?R4 Rlcnt I 

q^l^T rRT w4 ^ W 4 fe?4 fef 4 Fit 
W % MkkJstR RT WITT 4fefelT? fen 1 1 ^ 
qfen44^ feuqFFnTT%feR%f^q^44r4 
Frr^fejcT fit t«ft Tcir n4 wrcrf 4 rt fe rut # mdiid-R 
t*ft 4f4-4t4r rttft nr srmifTcT 4 4tr ^r tthft 
fFW TR<JcT ^Rcft ff I fF fell! % clF^T felR fefe, 
^lM, f^lfet rWT %?TT 4 44 Tfe =TM °i|fe4i 4 

3WT- 3HTTT fofef m ^ TfrS^T 4*TT? FRHT ^ felT 4 1 

fo*H{4M ^ 41^1 ^t 4rt ^femfe fe t 4 r 44-44 
41 =m fe ?^Tf - <4lf4<i>i -i iHctn ?r hI-f^ qq faeM'd 4fa 

felH qfe cjlot ^ 3qwrat cT^TT 3RT 44 ife o(M 

fefef 4 few fen 1 1 oblf^lchl fesHR % ^fd6lUl+ 
fefd 3R4 ijft did efit 4Rd «h'<4 W 4fe|R %Rfl4 
rit ^ir strr 4m fir i o4m=h 4UI=h 4«nq?4 44m 
Rq fen rtt 4 1 w ffen 4t fefeT w ? fe' qfep 4 
4 ni 4dfd144t oft 4nni 4 Ri-Ri m m% 4 ht 1“ i 
FR5 f rm fefer % Mfer 4 fr 4 4 fefew 
dfdfdfefRrRRrfe^ti 4 fern 44 
4r w r?r 4 m4 m, t fe mr ferfe m 4t4 4t 4t 4f 

rwt44ftrw3t4i 
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W ^r&lcbl #5#f # f# q#T qqq# # 1 1 

Hdc14 qq qq <jRcl ^ cRTR # t[I? % # #STq) 
arq^" Y5T^ff cFt chlf^lcbl qq qR-c|i| 
qfqqqq # qqr 3 d4#i wt q# l qq qqq 
#aqq qq t # 4 ?wi wfrq #qr #t ^ q#t 
ti^qifqr^Tjqqq^ 3#r iq# # wi q# 
qT q# dt cRlRlcM cR 3Rqqq q# qqq qq# 
qq dM#l q# qT 4 q# # qqT qR# 
qq qeqqq q# # qiq 3TW # q# d#R 
RchRnd q^qqq^t I 

qq^efcq qiqqT Ru# qq| qqqrf ^ #qn, 3# 
WM f#nq f#T # #T 4 qqq q#f q# 1 1 
#aq 3 qqq#q qq qR Rjqq wn^ sRmmk 

f#nq #srt q>i4sbq qqT 1 1 1 972 4 ##q qiq# 

q f#r q’-sei #q ski q,«> #q qq qqr qq?#q # 
fr##q q#TcR qq f#qT 1983 qf qqRRT 4 
qqqq qj | zr qq#RT RRT 6 qf 8 dR # f#nq 
3RTTqq qT ^IsIiRm qT I qjq> qf # eRdT qqT qT # 

^qr qqrq # qTqR# rrtstT q ?# qfer # qqq 
qq#qqqq qrq#tt I 

TnqR# qqq qq # <^? qqrq qq# q#r # -qq^ # 
qq $ qqq srtrt qqq# qr q^ef qqq qq 
yqrqr f#R r rj qrqql qq vqiqT Rqf#?T 

# q^ q? rttr #r w q?T t # # q<pr qqq # 
iqqff q #a#r % #q qqq# #r # qnq, 
hRirr 3ii4)Rid #q qnq q q^qr % qqq qq 
qr^qrqqqHfcRqqTTql 

w qf^qf qqiqr qq qq 1 1 f#nq zr t # 
?t 4 q^ w # f# ^ qqq # q# #§q]cr #qq 
#q rr l i# q^qf rf# #t zf qqqpq Rsim # 
q£qqq qq 3### # #dT 1 1 ?q# qTR #R#f 
#RT qq qqq cR# 3TeTq-3Rq ERTsff *f # R# 

tl ^qrf^ ^ qiq qq f^qiq q^qqT vrqRt qrqqT t 

qT^ q^qr Tjq q^q4 4lel qwr q4 Rsild q5t 

fcR-fcpq ^rfvff ^ MRRid ft ^nqi qi%ql w 
f4qiq-f4q?f qn4t qtqT qqq dq d^q % ferq qq^ 


f^qiq qq qqT t % qq fcfqqf qq qnqift ^qiq qqq4 
qqqqq^qqrf^qiqnqRidchl efcRd^Hfri 1 1 


qr4t qiq^ t fcp q^fftiqq qffq f4?nq $ qq^ q^^q^ 
^#q 1 1 qq qqr q>ff RicSM % qqr 4 qqftqifrr 
cq4d qt qrRft % I qqq qrqief qf qq % fcp sqq 
^qrqq 3T?qqq qqf qiR I ?fR qT qwf q^T qq# 
q£qqq %r Rqr f ^rtt qqq I q^ #vff qq 

3T£qqq qqrf#r #qi qn?n t # 4 qqqar qqq ^ 
qq# #ft 1 1 ^q? #vff qq qeqqq qqrfefq q# t 
qqf# qqqar 3qR#qf # <qi^i % #q qq# 
qw q#t 1 1 cRiRiqq 4 #r q# q^T q# tl 
q^# qq qdefq t # qjCTd# q^f dt 3qq qf# Tqq 
q# q# q qiq q## 3# q##f ^ ### 
qqqqr q# # q##qqq^ wq^q 4flRl45l qq 
qq?rq #q q# iff Ff qrq# 1 1 3qq #qq 
q# t, qq # 3# 3M 3 ^TdT t, qqqq t, # 

^1T cR 3Tq#qq |frdT f, 3RqqT qqisf WTR 

Rlcbld f#T ^TTdT t, 3Tq##T qq# # ## # 
##r %qqrf 4 ^ ^Rq ^nqq t, q# 4 qq# dRk 

# R[q# 3 3#q qqqqqq % f# ^ qqq 

3# f", q# qqq qq# % #q qqr# qq 
sffqqflqrqtq #qq t, ^q# #q vrq# 3ffqqf#q 
qqqr # qqq # ^tt# t q#q, q#q I ?q# qq dt 
qrq?r ^ sqqq t # qRk ^ ##q 3fq #4, q# 
3qqqr ^ q## #4f qqq q^#iqq # viqqqd q# 
q# #ftl # q##f f##t 

cqqszq cRiRichi # w# q# # qrq#t I q^r qq, 

qqiqrqqq ##q Rdqq, 3# sqqq## # qq^Hi 
q##q # #q qrgq#q-qq 1 1 
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cblRlcbl # ##fdT qF#t#qR3#dtq# 

#qq #qT3ff # ^# q# dd^Hi qqqq t qqq 

^q# 3#, 4>lRi4>i # dnq># f## # qqq 


Iprt t F>t fsUqrsff Ft TTcf^FT FF t FH:?HI 
R«TF tt Ftt, 3TTFFFR ^ FT RTFT t 1 FtRlF-l F 
RRFt RMRcb xHR-cHl cr fsfTFR FF^F Wf Ft 
•'H'HFI^ FtFFTt^FtFFeftttt I 

tt TTRFF Ft RF?T FFFt FF FR F>lRlF>l eft 

rfr ff Rnfc Wit t, wr 

RFJ3t t FRFF I FFRF FF t fcp fttFF % FTF 
RFJ Ft RR3TTF RR t Ft# tl RRt 

ffw rfj t Ftt RTttftR ctrf Ftt fWrt tt l 

ftR ttt-ttt t eTRR FFTcT ttt t I T?Rt F>tt FFT 
^FFt Ft FnRtft Ft FTR FF R^kT fteldl % I 
FRFF F WFIFfWr Ft FR3H ttF ft^TTF FF RF 
ttW 3FFTF FFT t W F^T W 4 Ft Rl^M 

WnW fcfFT RTt Ft tl fiRifi Ft Wt f 

FtttlFF ftsTTF FFft RTFRlefftt Ft FFft t FFT^T 
FFFF F FFTTFFft Ft Ftt tFFF FF t FRFHT 
FPFFfSTTt I 

W FFt FTFT RTRT FT ftr 3Ft t FF W W RF 
t RFnFRFT t FtjF FfFT t, RT tR-ttt FFFR 
craw tfF FF RTFT 1 1 FFT FR ft FTct Wf 
(C harles Darwin, 1809-1882) tt FTFt t % Wt 
t FF 3FT 3TFFT-RFFT FTFFTF t?TT t sflF F^T FFFF 
t RRt th % fR "yr 3 tt Fit t 1 Ft cihi FMt 
t ft ftftF 3TFf t t FR RFFR; t ttt 1 1 
FtftTFFSff Ft RF?T FFt t RTR-RTR FF FRFF F 
WTtF Ft FfW Ft FFFt FFRt t RFR FTF 1 1 

^ffWffstfwtfffff^fft PlWl WFF 

F3TT 1 1 


FF FTF^ef t FtftTFF t 3TWFF Ft Ftt t RR 
fW FFT t RFT FT FF ^RtlRlF RF t FJR fFT 
FT I tWRw RF t tt, Ft RFt |TR t Fttr Ft 
F^FTF Ft ^5FFtt t RFFR W FT W W# FF 
WWt9ftRt3TFWRhFNtt WFtttl 

FTF ^ t fW FFFtFFT Ft FftftRrFT t - 
Ftt^ Ft FFct FkTTF, raTvT Ft HW, W FF 
FTtt, Fxt Ft ftW FtFF Ft t RIFR 


Wt Ft FttlttRfFtl FF3TWT FF FTF5JeT FF 

3TTFR tt ^;aWrt 1 1 ff ff ftffr fft Ft t ftr 

^SFFtft t ^ FtftTFFSff FF FRTF STFetFFT Wf 
c^T 3TTt FFt FF FFfcT ^JRTTF 5TFTF FR FFFTT 1 1 

FtftRT FF t W FF t^F FR RP FTtt WM t 
FtftTFFt FvR 3 TTtt 1 1 FTt W TTFT tt FtftTFF ^ 

Ft ttt t Ft F^t fM t Fcf^ t 3T W FtftTFFt 
ttft 1 1 ^ ttFt Ft FTTtt FtftTFFt ^FT-tt tftt 
t, Ft FTt fM t 3TeFT-3TeTF 5TFFF Ft FtftTFFt 
FTt RTcttl FF Ficldlcbt' Ft FtRlFF RHc£|M 
ftFFR Ft FFTtt % RTF ^FT FFT 1 1 W FRt FF 
FFRF FF t ftr W TTc^RHc£|M FT 3TFFTRFT ^ 
ftFFR t RtteT tft FF tp 3TJFF FR W I 
TTTF: FF fW FF t Ri^M FFTt t, FRt W 
eTFFT t % FF FF FFF-FFFFT FFefFT t W Ft 
Ft FR Ft FFR FRFT 1 1 FF FTF^eT t FtftlFF 
ftrgTFT Ft FF FFF RFTR FFF 1 1% F^tt Ft FF 
RT^ FT RR fcp FF 3TTR tt ^ RchRld tfFT f 3F 
ftrgTFT t, t tt FFt FTTfteT FT RF^t 1 1 tt 
^fcTFTR Ft ttf Ft FtftFF3t WW RFetW 
tr FTF FF^ ftwt FF FT ftr RW 3TFFT ttFF 
FTFF FRt fWt FFRF t (FT fWt fW t) 
t FtftFFt FFTt tl 3TFtF t FtftTFFt ttFF 
ftW3t Ft RTct Ftt FW RFFF fRrTR 1 1 FF 


ftF 1 

1694 ^ Pi Ft cH R FTttT^FR 
(Nicolaas Hartsoeker) ^RT 
^RFTT WU ^ 

RTFTftR ftFl 
FF FFF tFT FTFT Fldl FT 
Rt R ^praRJ t Rf> 
HMcil^fcl Ttt FR t Ft|F 
tTdt tl 
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WTcT qqFT qtt-ttt qjqq eFTT 9TF # #qq cf?T 
fsRTT^ cf^Tf^Tc^Tsff t tltt 1 1 

Tjfr WKT cf#T qqf qqq % q^T t qq^TT 

q#r tr q# qq t^i qit t # Rrqnq qT ## 
ciqiiPicb R^iq 3T9M qrqqr qq Rrqqqr qq? qq% 
t, ## qq^ %## q5t q]^qp qT srqqf# qr qff 
qtqT afk q ft qq fcfqqqr qqr qfrt qT# qq qqiqT 
1 1 qqq-qqq % ftqiq qqqt f sffq sfR-sfR ftqiq- 
fcfqqt, ^ecbdl, qq# qtqq % qrf^q ftqnq 3# 
qqdT % I qq WTcT ^uqr cffq ^ qqq qtftqq qt 
qdiRi % qqqt 4 qw qqq# t 1 

qqqrqHSfqrqT qq qqr wkt qq qfqt t # qiffq qt 
q# qrRt ffRTTq cqtf^Tqqsff 3 qpqq #ft t I srqfq 
qq qq qmq qq qf^ t # qtf#q# #qqqiqq 
qq mRuih qff qf# qqrqt # 1 1 qdi# qq 
qr# t # ci 5 iiPicbl t qq q# qt qq# # qieqq 
qr tt qrqqn t qqq t# qfcrftf# qqef^r q# f 
qfr qtt q^er % qqq qq # w q# I 


/ \ 

qqr qirr «znq ^ qt t wT ##[ 
#f#q 3 rf % srqq qqr ## i qq qrqq % 
qrqq qq qq^ qqT %qqT #f#q t( qiqq ^tt 
t# I 1 3qq qiq# ft t % qtqq qq qraq 
3 ttfr q# # qqqq Ft?TT 1 1 qtr # qq# 

% fqq # qrqq? qq t# t, # 3rqqq 
qrHqiqqqif t ft qq# t #c -hi R id fqqr ^ 
t qqq qrqq qq wfaw q# #f#TT3rf 
% 3qqq q# t# i °T# q# qqjqf qf rft 
qrqqr iwiissq #R # qiq #t q# t 3# 
q# irq qq! 8 ! qq qqqffqq fqqq dim t i 
#tq#tqf t i 

V ) 


srqq qiq qr^ m3 qqfqf q>r ^qqqi q%q quRfer 
tl ?q qqq % qqefrqqrf % qTq TTcp Miq,R|cb 
q^rqq q^ qqqT qq Rrq qqT^ qq qqTq RfFTT qqT 
tl qqr% ftrq q^q^tq ^aqqqff qr ftq? qq 
arqeffqqff % ftq tt qq^q %q qq f i qt%qq% 
qq^ qqf % qqq qt qqf tr qt qt 1 1 



?znq t % q>lRiq>i tt qffqq qt qfqqqqqq^ q 
ffhdlrHqi (structural and functional) qqqt t, qq 

qq^ni wfq gfqW 1 1 qqr qqqt t qRrfcrRrat qr 
qqtt tt qqq ft#fr % qq^ ^qft ^nq qr 
qqqfr f^rq# qqq?T t q^t qqr wtct qt qqfqrt/ 
q^tqqqt qt wrqT tqR qft I 

3nq qqr qfq^er qq qqqfq q^t ^q? ^ ^ qrq^t 
1 1 qq? qr qtr qr qfqqq t fcp 3qq qqqq 3T?qqq 
srqtT qiqqqfr % ferq qR afrq qqrqq qqr^r qqrq 
qjq% srsqiqq qq4 qq tr I qq ^fr qr qrqqq t 
3nq qqt RrqRfq qtqiqq qq4 % tfqiq qq 
qfqqier t tt qt qftfcrRrar qwf qt qqt t sfiq 
tF# 3qqiq qq qqf qt 3nt q^Tq I qq tt ft^n qT 
qqqq t qfq^q ftq^ qwf qt qqt % 
ftrq 1 1 qq tr qqqq t Rp f% 5 fq^ qq^ qttqq 
% qq t qfq^er qt qtT qq t qwr % qrrq 
qqqiql qq snq qq t Rp qq qrsqjer qq wfrq 
q^qf % qqq %qT q^T I 

^RrqT % ftrq srq t ciuRidi % q^r t qq^ ftqq 
^it ^r qt 1 1 qqrq^T qqq ^ aqq qq w qq qfq^t 
t Rfqfr ftqq qt qTqqq^t RfFT ^ qq 1 1 
q?tq^ ftqq % qnqt ^ ferctr 1 1 


qqq qr qTt % qiq qq qt%qq3ff qt qqqT qq 
3qt tl qq# spqtq ftftq qt#qqqff % 
srqefrqFT, qqt 3Tft#H qt qqq ^ qt#qq % 
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jAf 

chlf^lchl - Wfcf eft cfjfpft 


3TFR) RRR WT T ‘ ^ (^ | c^ | vftcR ^ 

WffiW cr fsRTKW t’ I SfTf^T ^FTcfTT 

3T^ W 1 3fR ^T eleven 

^JRhT Q RH ^ I Rh cb RcbKH ^ cblRl^l 

0ftft I ’RRHRTST fR? RfftfftfaftT, fR5 #T, <£R? 
^cldlcbH ^cf^xf#^|^3T?WT^f^3TrTc^ 

^ 3TFT ?fR t^R 1 1 


cRftW 350 RTTR Wei efft WITT % I cftiT cfjj WfftT 
41sft cf?t eTfT cfR% ^'isR % feR fttft eFTT £TT I W? 

ci^iiRcb ^rwff c^t ttw ft- w ^ ^Rrtt ^sr ftr 

ft, ctoRt efR ftr fti ^fti rr ft 

LjftftfftRRT fft>tR (Athanasius Kircher, 1601- 
1680), ztpt x[-c|h 44 (Jan Swammarderm 1637- 
1680) 3?R tr^ft W (Anthony van 

Leeuwenhoek, 1632-1723) cf> v 3 dlsRU| f^ir 
Wfft 1 1 ftft ft tTcfj ^ 5 llP|cb ft ftwft (Robert 
Hooke, 1 635-1 702) I Wft tjcf> ^TC# WRIT 2TT 
(Rr? 3-cfj) i ^ wrt cfj cisiiRcbi cf5t rh fftftw 
W aft feft ft fcpERT ft fft ^T# ftlft ft I Rf^l^r 
W RFT W 3TFFT WWRRTT % ftftlR (law of 
elasticity) % 4 ftt ^TT ftftTT (pf W Rh) I 

RR ft 3TT WT ftf R3ft WFT 

ftftft fttSRT fftw I ftftt f) tjcfj #R §ft wft cf?T 
RfT Weft WIRT Wft cftfft efft ftteRT I Rffft|Rh0l 
fti ^R5 fft'isll, W 3ll?-q4^H0 2fT I v 3-6)4 §>1101 
TTef, flfR WRIT (fer 3-^) I 

ftw cRTcTT t fftl RRft ?Rf> ftftft ftft flleeft <fft 
^RT?ff ft RRRR ft^sT fti ft ?TTfcp ftrft ft> Tjuff cRt 
RFRT WfT I vfh#T, ft W RRRTT RT?ft ft % ftlft 
WTT ?e0T-^e0T effti ft|?TT % | ft W W ’ft 
RRRTT RTifti ft fft> ftlft Wft cpftt 'fftf ^ftR^eTT I ^FR 
RW Wfft ft^T eft ft W fttlft W% R fcp 



Ift^l 3-cp 



ftR 3-^1 

cfst cjff^ cf5t cf)CN 4 

^ifWR 4ftf 14^14 ftf 
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(eyepiece) 

^JeT WT 
(coarse adjustment) 

"llelcpi (tube) 

(fine adjustment) 
•g^j (arm) 

■^cpcil (disk) 
(objective) 

(stage) 

^vrl fc&c} 

Rvih (clip) 

(condenser) 

(diaphragm) 

Rbecy (filter) 
(mirror) 

3TT^TN (base) 


fcT5T 2 



\ 

Fj$RF?ft ff fffIf Fitf^TFF % frfff ff ftc f 1 

^iPhij fj^rf# Ft 8-fteT FftFF F FFt ftf^ 
ff ci<I«m FTter Fhrr 3 t^t FtFT i °tFt ?it Fj^RFFft 
Fit ^™rt Fftfw 1 f# I 1 fft FjsFwt 

% FFFtF Fit FTTFT FT?t FF^cT 1 1 

- F^FFFTt % ^W, 3wtfFFF, 3TT#FtFT 3ThT 

f^r o^t t^ft t[tftff fft# Ft m ftf ft i 

- 3n o| r^|| of-, -I % f^TIT rt'ilK F>t F# FFTTFF Fit F^R 
FF FFT cTFF T# % f^FT #jT FF 3FFFF ^F^TT 
Ft FF f£r % ft?F % nW F# I 

- 3TF FF ?t 3TP5#fF£F FF 10X f^RUT 

t FF %sT % FTFF Ft I FF FFT 3TTF«tF FTFTT 
(Fit ftff) 3tr^tfeor t i Ff# f^ fftj Fit ?ftft 
3TTF*fF (FT# FTFF) it #FsRT #, clt FF FTF 
Fit^t I Fit FFFFT Fit f#?TT t# ^JFTFiF #Fft 
fMcT TFT# f#i FF^ FF FfFFFTF FFFFT F# I 

- Fi# FTF F^F FfFFi FFFFT 3TFf FF 3## 
F^FFT# FFTrft f 3qtF FFTTFF % FFFtF F FFtF 
%FFt FFTF-FFTF FFt f^FsT T TFF% I FTT% fFFFtrT, 

T#FTT Ft FtrTT I fti FFiTFT Ff F FiF fM FF fiW 
f^FHT# Ft Fft FFFT I FF #Hf fFFfrTFt Ft fFFF# 

% farr FR#FTF Fit RFF TFF f I FF#FTF Fit 
^FTFiF FFTEFTR FF %sf wtFT-FFT FF% FFFFT 
Fit FTFT Fit FTFt FiF T# I 


- FFTJ Fit FW #TsFt % FFF FJFRFFft Fit FitFiFT 
FiFFT FtcTT I 1 FFT% frR FFct F^FT FIH^IH FF 
FFFtF Fit I RR oRFJ 3tFi-3TFi tFFspt FPt rR 
FJJ3FT FIH ^IH Fit FFF ^ RRtFit #t FitFiFT Fit I 

- ^T®T FFR 3TToRtF it RF<J FF FTFFltFFT FiFFT Ft, 
Fit FSfFT FRRR FF 3#T F Fit =H-|1 Tf> F5F 
3TTRtfF Ft #H?t FFTF 3TR?tfFFF FFTTFF % 
Ff F fFFiF 3TT RTrF t 3qtF FFTIFF FF FF 
FFFT 1 1 Ft# F^F 3TTF^F ^ 3RTFltFiF FiFFT 


Ft, Fit FFFt FiR 3TTFFF RTFt 3TT®?H : FFF Ft 
FitFiFT FiF% FW f#!sFt Fit fMh 4 FTTFT 
3ltF ftiF Weft Fit ^FTFiF 3TTRtfF 
ofirt 3TTsM-]I^-<iF Fit feF % FFTF FTTFT FTfFTT I 
FFT% FK ftT#i F|^T FTFFF FF FWfF Fit I 
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ftor 4 

% ifRT ftof M to mwtmftfrm 
(ftoj % to to toron? ftoFTT tot t) i 



ftorPT tot t % to 

to sK'd'l TO> <Ts) <£ ^cf> 
TO ■Mi'll MMI TO, MMX 
tow to toto TO 
% I xito Ejcf> TO cp !4 

to ww to t i 


tofc ^ to toto t to n^n- <?to to cmtot 1 1 ^n 
c^tof % toto tototo to to^ to to tototo tot 
to 1 1 ^n tototo to fcp ^ ‘tor’ tot ton 1 to 
tot totor tor ‘tojen’ mto totot ?r TOn to l 
arto 3TcitocFT toft mtotofton » tjrto 
^ 1665 ^ ntoto ton $ (tor 4 ) 1 tofr nro to 
(toto afrro) to wnr % aron nrto nror ft wn 
tort# 1 

tor n tot ft nro niftTtorf to toto to stoton 

tot cjro tori 

rt totototo to nto to 3 rr-3rr toto to 
njrotorf to tocpy to% to tort to ton l tor 
to to t?r wr to tor to fto fto ton tom to 
ftftt ton to to ^^ntoft to ftoto 1 1 


T^roarR ft fto ftoferfftR toft ft artotoFT fftn 
tot Rroft f: ftfft to 4 ktr, totr to ftoft, fftftt 


ntofttftofti 


to to tosTT tot arm tot tosM 

ntortortor 1 (to): toto> to totot 

ftfft to ffteerf ftror % fern ton ftfft efron to 

ton tort tot to ftoto to 1 arwnto to to 
Rrrftt ton tort wr tortof ton rttr^ to 
tort to ton fn to to, mem ton ft ton to 
nfarotoft toi 

stirr ftfft ffteft to tontot tot 1 1 to 
ftt fttft tot tot, arm totor to toft to tor 
to tot tontot 1 




toto to to%to xioo 


^eRT ft fern tofslto |TTO TOR TORI TOT fto cpcrT 3 RT to 3 TTnft TO tot ftto Tpn % 
ftftoianft^ftrtotofttTOftfffttotoft 1 tort ftRfftft to mn? 
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J|PiP)Pt 1 (?3) : TOTTO eft ftoftt TOT 3Md)cbH 

TO^TOTTO ftt #51-^1 tfld4TO 3RTO? ft JM to? 
TOTOR TO TO TO’ TOf’TO Pi chid ft (fto 6-TO) I 
TOTTO ft ??T TOfft? to toft to? eft |Rt ^ 

TO^-^T^ ft ^ ?ftft (f^r 6TO) I TOTTOfft TOTO? ft 
TO^ Weft, Mltocb fftcftt 3TeFT ?ftt |>ft fftftftt I 
?TO ffteftr ftt 3TeFT TO?ft ?WI TO^ fttoT-TOT 
TORfT TOft to TTO f? ft WTT?TO TO 3to TO? 
ftroTro? tor, tor ftoro ft ftft toR ^roto ft 
to i ftoftt to TOtot tort TO?tot to to tor 
fftetodtoi 




to I vl cfSt r^ledl Pi 01 el '"l cf?t ferf^T 



fp0 6-0 

to I to cf 5 t M xlOO 



tortoft 1 (?) : tort to fitoftt to TOrfttro? 

to to totto to ftoto tot TOtorro? totto? toit to ftoftt tot 

to TOTefTTOT t, TOR TOT TO’ to TOft to fftcftt TO TOTeftTOT 

to to? TOfto 1 1 ^ to fftftt to tot to toftt to ftro tot 
totottt t tor toto tororo tot ftro rtojto toro 1 1 toft tot, 

fftft, TOtoftocTO, TOTOTcTTOTtftl fttfftTO to fft tot to ftoeft 
TOT? ft TO’ TOTOftf fftcftT PtTOTeTOR TOTTOT TOftTTO? 
?JTOTOto ft to I ftoeft TOT? ft TOTeRT t fft ft? TO efftt TOft 

to TOt tot? TOftto to toto TOto 1 1 ftotot tororoft ft fto 
TOft to TOto ft to to? ft to? to fftto to fto tot RRtoft 
ftoetot to TOTOTO? TOTT?? TO TOsf I 



TOft to? WTO ftt ftrtot ft TO’ TOTOTOjft 3TTOR ?f7TT ft I TO?T TOTTO 
to ftoftt ft TOft ftlPichft to^ ftt totto to toto t, tot TOft to 
ftoctot ft TOTTOfft cR?-cR? ftt fttfftTOTft fttof ftt fftftftt I fttfftm 
to fft TOTO ??T TOT TO TORT ft TOft I ???ft TOT? fft? 7 ftt TO? ft 
TOTOftt I 
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Hxfl 3>flF 'Flyl cf5t %ecft cf5t cfft dddl F^ | 

- ^ftFn^^FTefU-HHdlFr F>tFJiftFFRl 

- ^FT^FFT^Fft^FFFh 

- FFT fIfT 'Wl^'l 3 FR cblRlcbiaff % FTF FF 

frtf#? 

- STTFF^t Frit clot FoTT^ 3 4,1^14,13# % FTTsJvT 3 
3TFTFFlFF^I 

- FFT 3TTF ?Fcfr FTT^FTSTJiRT eTFTFTFcft ? 


FTF^ fF%3Tc^F^3TRoiM^^^FlRlFI^ 
^ffl FRFF FTF RTF^TfIr tl FR4:|rF^ 
f^TFT fM? Ff ^FTT 9TF F? XJc|o *jF FTTRft sft I FTF 
efTTt % FftfcR «t % 3TFcTrFF fcfoXr £| FFF 
fcRft Ft W 3 F# 3TFTT fcp zr f FFT I BT, ^FFT 

fff r % ftt^ ^-#ff afk ^rfM ft Ffk 

chlRlcblsff FT FFT 1 1 FFT FRF FF FFJ FlRlFI3ff 
FF KJTFT F^t FFT FT I FTF^ fF ^ 3FFTFT eTFTFT fcp 
FT F Ft, if cfcldRifi c\ FfoTFT t f^PFT FT FTFF Fpft 
Tjt *M Tf M|ddl ^THT FT W ^ cf FF# f R#T 
*M FF FFT FFT F?FT #TFT I R#f# F? #t f#FTF 
fcRTT fcp FfeTFT F# FFfF^fcT F# FFF FT FFfr 
FcFHJFFF #TcTT #TFT I 



ftTF 8 

'Mel F?t ■*flc1'Tl FTFF cfSt 
cblR|cbRx400 


3R FF eFTFF FTT# 3TFeTlFTF FFFqfM FT 
FTRf^TF afl ^FTFF FFFF FF FT fcp cHRRi % 
FFeTIFR FRFT 3TTFTTF FT I FFF sfR-sfR cM % 
F^3##T3|c|eilFH ^r^)fcfdT| 



4 ifclRlf^T 2: J lle1 F>1 4>lRl4>l4 

^FT Ff#f#fa cfj f#R FTFFf TReT 3fx^ FFF 3FFTT 
FTF eT I FF XJc|o kHlRciF> FT eTFT#t cf> FRF F^ FTeT 
% FRF F# 3TR ^ Fl#t-Fft ^dd Plcblcl I F#T Ft 
FTc# FF RTF FFfFT #RT I FFT FT FRF FT 3T^t 
F7F FFF FTF 4F ^FT FTf^r | tjm cFf 

W^F FFFF F^t ^FFT FT%^ | 

FRF FF eTFeT^ FFT^ % FTTF FTFT F>t FT 
FJFFF mi t, F^ FFT^F FF |f Fpft 4 FFt 
3ffF ^FT FF 2 |f RTFTFcffF <RJ cfF FteT FTef sftF 
FFF f^FT FT FF 4T I f^TFIFeild FJ FT FfFT FFT^ 
f^TF RfT ^FF?r ftFTFeffF ^ 1 00 Rr .eft . FFft ^ 
FTeTFF 6cFI 41 ell FfeT FFT ef I d!41 ^F FTF 
^RF# FT ^FT I 3TTFFf f%TF 8 4f f&m 
cblRlcbl^FvRFTTRfn 
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PRPTRpKtt I fPJPJSTTP mRRi^ 3 3 fa? PP# I 
ftpT ftpft PPP ?ft cf?r 3Tftt W PP 3Tc^ffcFT 
4>')Rl443ff ftt ftftppT ft fftp ppppft ft 

WI 1 1 PPR (PPTf%PT, ftftpT), W^3TT, ftft ftft 
fftft ft#PPft T fl^ ft PPP P ppft cFT ft ^TT9T PP 
#T 3R& ft ftPTl ^P pft cf?T 3TTft PPP pppft 
ftft I ?pft fepr ftp 9-P? ft fftup 3PJPTP pft P^t 
PPoft P ftpft ft #P 4P,-5?4R <ft^ ft PPpft PPoft- 
PPfttPRftpppft I 

^P RTft PRlft cf#T Ppft ft ^TeTPR P^P ft I 3TP ^pft 
ft 3pftt Weft PRPT ftl PeR^P PP W |ft PPft 

ft pgtpr pppt ftftp ft ippfR ^jappftf ft ftf l 

pip grpftPFT pi? pr-ii % fft ppt ?ft p?f ^=rr^t 

cbl^lchli' TJ-c^-^rT t pj ppft 3 PtPT 1 1 ftp 9RI 
ft ^ftf TOR ft pft P?f PkPP i pf 1 1 P^ft 
^pft ^ePTT PRft ftp Ppft t fft pft fft?ft TOR 
pff 4>lft44(| ppp gneft 1 1 ftft pflftpRftf ftt PP? 
fftftpn ff T Txfr cf?r ftpftf 3 iff ft?p ^^ft it i 

^P STpftrpPTf PP pftPT PF ftsPTT t? fft PPT 
PTftpftfpftftfft cblRlchl^ tftR PPT^PP^ftftf 
t? PRpf PP ?PTP pflRl^lftf 3 fftftTPT pff ftK 

r^<HI^«s! I 3TTTT pftpftftfftpPFH£c4^4tl 

PT? EPFT ft^T cf?T PTP % ftp RPJ pftftppftf PP 
PpftpFRT pftT pfffftp ftcTT 1 1 TJPPP pcf, 4PPR 
PF t fft WT PPPPfcl ftftppftr 3 PPT Pfftf ftpR 
fteff t ftft PPft 3FPP ppr ppftf fftcftf ftft t, 
pftf vJp^ 4>lft44 *f PTP PP^ %wft t, ^tcTR 
?Wtl 4H^frl cblRlchigff cf?T ^fcTR 
cblRl45| f$rfrT 1 1 3TPT cfR 

3 ^spt t nr w cbiRicbi f^ srpTpft ^ 

4^ft tl ^3RTOef 4,1^14,1 firf^r 4^t ^rf^Tfcr 
cppr% cr vjp^ 45tf^PT % #^r TTcf^ 3 Ptt? 1 1 

TOPTPTOcf: 4>'l^|cbl3ff W\ t TOT 

cblRlchl f^rfrT TOT chlRlcbl 13 T^ft 1 1 

PPTcTT t ^ TOT ^Teft 1 1 RW^ |pTO ^ 

^rmi §TO I TOff ^fmcfpr ‘^pt’ pft f^n stt I 



cT^ 3R# CP^PT cPT3^ c|ft ftfSr 



* 

FP prifk PR Tt t fpT PT gioldlPH 
PR^ % PK WT>ff ^ pp7 37WT-RT f%rp 
PRT feTPT ^ I RK PFt rff g-ii PTPT 
TtPTI 


PR PTP 4 f%p TJTT ^4ei)4Hl' ^ ^fTOT PPT % 

chlRlcbli' ^Tcft P^t 1 1 PP^per ^ 5TPrr ?P 
|P? STPefpPP 4^t | 
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4# 884?1 A RH 4F74J°f 8T4# 

4144 (Robert Brown, 1773-1858) 41441 RH 
%rf#41 % 31c|d|cM 44 9TT I cblRlcbl % 3F48 
44f8^14 8441311 3 w) 4F^1 #14141 44 414 311711 
1 1 #8l eft 4711# t f#l 3|ddK£4T 81#t 4 ft #lfeT81 
4>Wni (Felice Fontana,1 730-1 805) #181 44? 
#?Tlf#41) # 4f#2ftf#T44 (4T#1 4T#l8 #1 3TTf 4^81481 
41F#1 487l) 4# cblf^|ct>|3ff # #14141 #811 41 448 
31784-31784 41# 4#f#1443ti 4 cbR0 4# #>4# 7141 
481 cb)f#l4>| #1 3lfiF4 314 #1 84 # MS4H# 44 #4 
8T4# 4144 cf5t f#41 4174 1 1 # 4#) 4144 t f#T444 
414 slid Pi 44 4f# #1 844# # 44^8 1 1 4144 # 
3ffi#14 4# TTfrRff 4# %fecTOt 4# cpPicMS# 44 
3|c|d)4H 418# sF) #741 f#l 44# TTcf^ J|)dlcM8-8TT 
f#4| t #) #4 4,1^14,1 cf5t 31#«T1 <£7? 34484## t 
(f^T5T 1 0) I 3llfct>-s) % 414 4F fsp^ 8F# 44? 3F4 
cbl^lcbisff 3 gff RjR 3441 I F# 44## cblRlcbl 44 
R4 3lPl4l4 f#884 4141 3#8 F# ^##488 (#>-44# 
414 f#41 I 4F 1831 4# 4171 1 1 4T#1 cblf#|cb|3Tf #1 
444 RcM<U 3147814141 (1650 % 3444181) 81 
#08 #>-44 % 3|c|dW-1 7141 4'fh #4-#)-) 4) 8# 
RTTef 4teT I 

F4 150-175 8117# # 8ja44#f #1 #F718 Ft 44 # I 
^43117# TJRFffr# # 441 # 7#8 FlTTT 41 I F#f 
81878 8ja44#f 41F# 1 1 ##-## #F718 #8 44# 
78# I f#8 # 3lf#41 #181 dldcK 884471 8J«44#f 

4414 44 I (## 41F# t f#l 4F781 8#]c R 8ja44#f 
1 595 4 #814 41441 #FlTf#41 # 441 fcFTT 2TT I 8T4^ 
44 8JR4# 4t 8^444 8JR4# 24 |) ^445t 
44^ ^ 37478(474 aRTTT 4fcT sR 4^ | 


3R7Tc 4 44 ^5llPlcbl' % 44RTT 4T 44 8W 4eTT 
2TT % RTlfr 4 41 4l 4 4^444 4Tf ^TTeft t 3fl4 ^4^ 
^F4 c 4 4)7TT 1 1 eft 44f 4 44 4t chl^lcbl 44 44 
44T4 ^sf 4t 44R4 4^T443ff 44 3Tf44l4 3T4 


/ \ 



^T4 TT4^ 5TT44 4 H6dl 4R %^445 eft' 
44t ^44 f?4 f4M^ f44T I W? 3Tff%4 
4T4R 4t^ 4ft 3}fwf (Tifq^frhFr) 4 ft RTTW 
20 47tf?T444 % jf[ f 3^7 FT 41^4144 

Tf %^44T 44 4R 4t f^sTT^ t TFT 1 1 ^44 
rft4 74W4T 4t f4^ t it t - ^ ^ 

Ft?t f f44^ 4t 4t^ olldloKUT Tt ^Nff 44 
3TT4T4-44T4 4R?t 1 1 

V / 


4T4T 44T 1 1 ^4% feR 44 445 fcT4T4 d<44l4> cf 4 
WTt4 444(1 M 4T4^ WT44 47t ^8 7T44ftc4 44 
4444T 4^1 f%e4 §4 I W 444^ 414 44 f^4 

t fct> 4^ tA 14 44T4 t 4fT 4^l%44 % 3484-3484 
%44t ^ RlMcbel 1 1 44ft 34 4#T 44T2ff 4?t 444 
Rt 44 4>1 R|cM % 3484-31414 1%44ff 4^1 3144-31414 
844 ^ 441^ 1 1 ^81 4R^ Rt A %84t 3484 ^ 4vR 
3fTct tl ^4 tA \ 4 44T2ff W\ 31^4441 41 8^4 
(stain) 414 % t 3ff8 ^81 645 41 4. 4^1 3lf5l444 41 
8^4 I ^4441 47) ^S4t % feR 44 ^8ft 44Fff41 44 
44414 444)1 ^81% feR f^8T 3lf$f8441 44 44414 
4^4T 48144 414 8lfbPn 1 1 M ^81 4414 47) 4RcT 
4^ cM % 4141 1 eflel 84l€) ^ ?81 444 % 
felt) 4f%41 Fief) 1 1 344 41# 41 78178 841#) 44 
44414 418 8147^T # I #81 4felf#f^ 2 # 3114 8#1#4 
714F#41 44 44414 418 #t 4% 1 1 f#414cfl4 ^ #1 
4413ff#444lfrt I 
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: '-Flyl ^ cuIRicm 3 

fcTF FF? FTT f*f>T WvT cf?T filedH Pl<bleM°l 
?Ff 1 1 %wft RfFFoTFR FTT FT 1-2 |? F^fTRcp 
FteT (•^Cb-TM , f%a| | i| c?M ^ 7U eTTeT RTT^t) cf?T 
FTeT 3 I 'TlTbpH F? FToT FFRT % feR RFFF F^- 

f1f4 f*ff ^CbPM 100 ft'.cft. -qpft 4 fIft eh 

ftTeeit FTT FFT f^TF ^ FFTFR FTF ft?? TFTT T?^T 
FT I FTF ft?? FT? FTF? fteTF F^t 3TTT FT f?-f? 
FTft ?Tef FFT sift TT TRF IFFT FFFvT (fkl 
ftR) cbt ??? ft ftfTFft RTF I ?TT FT? ft SlfclRcW 
FftftFFT ft?TeT RTFFTl F? ?TT TeTT?? FTT 

F[«F?ftt ft ^ftl 

FWT ft F? ftt FT# ftr FFT cbiRlcbiaff # oTTef 
T? F?t F?T ft el TFFT FvR FT T#t % I F#l ft^F? 
tl hft FT ylRXd ?#f F^ft FFT ft? 11 F#F?? 
eTTTFftt 

3(T3): FTcTFft cftRlcrfft ^<b 

WvT F# ffteeft F# FT? FTF FT? F# F>lRlFd3TT F# 
ft ftftft? FT ftFTFeft? ft 3Tft?ftT? ?T?ft 
ft^F5ft^F#F>lftFFRTTFTfttl 


nfcrf^r 3(cb) 



/ \ 

?? F? ftftft ftt dFHl=b FIT FFft? =F?ft t ft 

FFT^T3TFFT-3TFFTFFff^FFT-^IKi ^dl#l 
^FftFFrftftT?? FFff ftt ftl# 4 F^Feidd 
ftft t, ft? ?? Flft ft FFT?f??T ft??? 
ft?ftftft?KM eHIdlll 



ft? 11 

WvT ft ftTFFfr # ft?F? X100 


Ffclftft 3 (f) : ^FRFlft ftt Frft ft 

JclKMI^ F? cHvIfRT %Tf#FT FTF Fcft (Aloe 
vera) 1 1 ft KMI^ % ?ft ft F^T ffteft ftFdh' I ?ft 
TRT?? FT TTFFR FJCTF# ft ft# I ??ft ft?FT 
TW TRT ft ftsTT RT TTFkTT 1 1 ftft?R? ft ft 
vTTTTF d#l H'Sril I FRFT F? ?TFT % fcp 
MRT F^T fWt cFT-’ vFTFT fr% ^FT ?tft 1 1 
?TT% fcTF F^F FTT -^FTF FT ?IFTbH F?t FFF ^ I 
cj^TR F^t FFF ^ FFFFT F^T FFT FR% F^TFF3ff 
% 3PFT F^t TTTFFTF 3Tf§TFT TW 1 1 

3TFT ^ ?TT FFFffF^ F? WTrF FR% ^Tsf I 

FFTTTift cb'lR|cbl3ff^%^bFvTT3TTFT? 



?F FFT ^#rt cblRlchl FF Feb FFRFJof 

FFtF t FFT ?TTF?f ijRrFF FF ^dlFI ?T^ ^ F^ 
TTTeT eFT 9^1 ?TT ffF %TRfcbt ^ FT?-FT? % 
STJFTF eFTTF ^ fcp F? TFFT fcfRT FFF F?f 1 1 
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^TT FT? k F^ 3TFeTlFTkr R FF TRF FT FT 
fc fT TlRf TTRfFf % FTfR cbl^|chl3tf R fkeTFTT Fk 
FfR t fRT?R kFTFT FfR t 1 3FFF: 1 838-39 R R 
%TfkFt R ?TT FT? ?R RF Rifl'd FF TFT f^FT 
2TT l R cisiiRcb R kfkFTTT Rft? fttt??? 
(Matthias Jakob Schleiden 1804-1881) 3 tR 
Rraftfr FFT? (Theodor Schwann 1810-1882)1 
RR FF FFTFT F|T? yrrRf t fk FTT TRF ? FT 
fRIRi qR xhR-chi k cRRichi fR ttR? FqfrkfR fR 

did fR FF; elk I HgFM'f efR R 3>fR 31 H 4 -31 H R 
TT«R R IFF? Rf FTtR efR Rl FFT ?ell^d sffT 
W1 R ?TT FT? ?R ^ k)c|d J ld FT eTPJ FTTk 

ftfti ^rk tpft R ft# ft ?tt ft? ff 
THI-HI- 41cbTU| FTTk FF R1 c£M k TFT R FF FT?R 
FT TTTFTT fk'dlFI % TTTR TFM R k)RlFd(| RRt 
t 1 3fR FTTfeP? FF FT? TTkPFF FTfR FT R? 
FRfkFTFTTFT tl TFT^FT tJF FTTqfcT %TRTF ^ 
FFfk TFT? FTfR %TfRF I ?FT? RR ?R FT? FF Rf 
t fk R?R fF FTTT FtkTFT k WT 3TFeTl?T? 3fk 
FtRTFT Rh^M k TTfcTFTF? % #F FfR? 200 TTTeT 
FT FFTTeTT TFT I 

FFT FFT FT? J fRde1d t 1 Rf? fkrTT? R TTTFFRf- 
FTTF FTTk gkcfFT Ff?T t F?ffk TTTR TTRM ?R 
FFFTeT FT 3TTFFF R | ^THIcH^ ?TT? k fkFFTT % 
fkRf ^FF? FT FF RpRt FTFT Ff?T t fk fkRf 
FT? FT FF 4,PlFlRl F TTPTFF Rl^M FTFT FT 
TTFFTt I 

1838 R FeTT??? R FR fk FFT?fR?f Rf FkfT 
TFFT cRRlcbl 4TF# ddllR) R Fkf Ffcff t 1 ^rk 
TpRf R FT# ?f FTTFfcT FT ’JTT FT#? F FT 
FTkTFTsff k FTT kfFT F FfkTFT3tf sTTTT FTTF FT 
FFFfkl 

^rkt 3ik, fff k ^kt ff ft kr# stcft ftft k 
FR: “Tfk FFFT k 4,R|i|lkl %rk FfkTFTSff k 

wk kfk k” sfir “Trkkff k ^Rrark %rkf k Rtfttt 

FT FF TfkFTk F4 k 3fR F? F4 k FkfkTFT FT 

fk^W I” fk kf k w ttfR t fcp FF;3k ff 


SrfkFFFT FFT FkkTFFSff k FF kfF t sffT ^F 
fR FF fkFFTT F^-F^ FkfkTFFSff k fkFW k 
FtFFkkFt I 

TeTT^F 3Tk TFTF % ^F FFFFT Fk FkkTFF 
fkrgTFT Fk qjFSTTF FTF FTF 1 1 FfFT Fk FTFT Fk 

kt^FTT kk k FkfkFF Ri^if ff ftfR w 

fkFFTFT t fk TTFTF TTkfcff k TTfR klRlFI3ff k 
Fk t 3kr FFFF fkFFTT FkfkTFF fkFkT k FTTT k 
kTFTt I 



^F c|Fd<F) k kk fk^TTF k FF? FT fkFlk Fk FF 
fkFT I TTFk FFcff FTF Ft F? kf fk FT# ^ kf FT 
FFTFfk, FFFk FFFT klR|chl3TT k Fk kk 1 1 
fkrrk kfFT kFT fk kk skr kk Fk tttfft k 
^Fk ffkFTk ttftfft kk? ^tR Frkf k, 
kiRiF-i Rifl'd k fftfRt 3kr ^3k k #f rf 

^JF FF qfkTTFF fkFT FT I FFTFfcr 3>ffT FFJ "FFF 
k kF FTT TTFF ^TT f 3F w FFkFFPF eTFTFTT 
fkfkF Tdk FT TFTkfF kFT FFT 1 1 

^rrk ftf f? fk kfFF kf TTF?rk k fknr 

klRlcbl k 3T?FFF FF F?FT TFTfkF f 3F I FTTFF k 
klRlF-l 3FFfkF^ RfF fkqTTF Fk ^JeT FPFFTSk k R 
FFT Fkf "FT TTFFk k I Rf fkFFTT Fk 3TFFK U II 
Wk k FFTk efk k I kfF fkFFTT Fk 3TFFTTFT 
FF ^JeT FT fk RfR FF RR-kR fkFFTT kfFT t 
3TkF kfFf k TFF eTFTFTT MRclkd^flel tl 
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31ldcjRl<fl, F^TF FTF ft RTF f I 

FFi RFTf f ^T RFFRWTRt Fit iJoT FitffFiT 
%FFd FF ffTcTTT ft FiFT RT f I cblff F>l 

RHcsIM WRT FT ffFF 2TT % FfrFF ft ^TcH 
FFFf cblff cblftfl 

ft 1|F\ SdlSjFd, FFTF, fRFFF, FF3F F 3RF 
%rffcf5t % FiTff % FieTTFTiF cblR|ct)| % 
PlHtelRsId RpMl4 FFT FRHK ft F^i f : 

1 . chlteicbi ffff aftr cbIRicbi %wft ft fMr 
flf^lFd f^Tecft 

2. chlf^lchisfl f FTT FTFT TIlFcilMlyH FTft 
<fltel<bl F^F 

3. cb'Scf) 

/ \ 

f f ft FF FiFT 'FTcTT I ff FitffFiT RkM 
FFTTFFF F FFTF Fit ^F I 1 FFT 3TF rlF % 
FFFTsFF % F^FFR FFT FiFFT ^ FTF FFt 
f ? FFT fl TIM f If ft ft fTRTTFT Fit FFi FT 
ft °F Ifd 4) Fit FF FTFT FT FFkTT I ? 

t * 



RRkicf,i 

(vacuole) 


ffr 13 


fitful FR 

(cytoplasm) 


flfflF 

(centrosome) 


f Pdcbl 
(nucleolus) 

ffrifr 

(chromatin) 

ch ^0 

(nucleus) 


1922 ft TRfT f FFTTTT Wl'toff F> flRldl 
ft 3TPFRFi TFFT FiT ffr 

FF flF WF5 fFeTTF ft ydFi F fcT FT 
iwWPte fF f 1922 4 

wdiRid ftwi 4 ffr ft Rtf ft 
smrTffrt I 



fffftT TFTF 
(Theodor Schwann) 


fFTT FFlf I % 1838 f FFIF ftT FTTTF5F TFT Fit Tllf % FTF 
Ffft ftf -ftf FitfFlFiT3tf % 3FFt FFHIFHI Fit FFt FiT T^ 
f I Fi?f t tFi WfTFSF f fiFTFi iJFF WT FittfFiTff FiT F^F 
tfFT ft FFH FiT SJH FFT ff ftFi FFt FtrT ft Fnft FFJ 
FiFFitf ftflltiKtHf ^dlPHcb dr+ld i?dH Fit FFl'RIMI f 
Fff ff FFFit TFTTFSf Fit flT I ^TT "FFt FiT mRu|IH FF f3TT 
tFi RFtf TFfF FF f 3TFFT-3TFFT FTtffFiT ff^RT FTRT 
-FFTTFFFf 1838f 3ttTFFRf 1839 f I 
FFFT f ft 3TFFt ^FFi f flRl=bl3tf % fR f #T Flf TTTRf 
TTFtft: 

1. FitfFTFiT Trftft Fit TTTFFT, Flfk-fFiFT 3TTT fFdH Fit 

FFTTftl 

2. ftf^TFiT ftFTT 3lfflrci fin I f — T(Fi TFfF % 
T^f 3fT^TTTTl3TTftF%rHFIU|ftFFiTF%'FRf I 

3. FitffFiTf FFF FitffFiT PHMIU| f «Rft f, ff fsh«d 

FFf fl 

) 
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Wt W Rb\! 0 N (Rudolph Virchow 1821-1902) 

cblfyicbl RR 

ttrt mRuiim 

+1^144 RHosEI-rl RR TiR7 3TR? RR f3R # 

# RR% R2R^ RFlt f#R) % RR if ^ RT# 
RRT I 3TRTR RR RlRT RF) RRT # #R RRRR 
RT#) RRRT =hlftl=hl3Tt RR RtR I RRRR RR7 
34IRRI #§it I t[#f r) 4)hiR 4) Rl) RfRRT RT) 
#R % RT? R? ^IT ^TRTT RT I R>lfelR4 R^W 
% TiidlKH % RTR R>1^IR4 <l-i|T^^1H RRRRTR 
f3TTI ^obl HHJdl ###RTf)RRHd<rM did 
RT) R>lfelRR3T) Tf fRRR? I H1?T cfr? ?f RR)<RF 
flM+M RTRR7 ^ifHct, # fcffcM 

(1897) RIRR7 R7RR7 )#RR7? R?T f#R RT) 

Tsnftrr rt# rr rrt?t #rt rt i r^irrr) r 

RF# #R- % RTR R# ?FRiR Rl) ?TRRT R#) % 
RTR ^ ^RR ^ Rt ^tRT RRT 1 1 

V ) 


7R#) RR ?W ?f RRT # 4,1^14,1 RcR R# 1 
RR7RTR RRPf R^f 1 1 <£R? #R %T#f7 RFF) sf # 
RR RF]RR t Rf |77? R7T RR WcffcR, RFTRF RT 
RRJ^RR RyR 3TT7TT RT I 3TRcf)R7Rf R #R7Rf 3 RR 
3RR R7^ R7TRR) ?f RT I RR7R 3TFR RT RTR ^ 
WT RT % cbi^lcbiafi R7T ^#) % fcRT rf# RT) 
fcfRT RR ?f rTRN fcfTRT RRT % 3# RTTRTT 3Tfi#RR 
f^fRT RR? ?) f^TRT RRT t 3# fcf>RRR f^fRT RR? %RT 
RRT 1 1 ?R RffFTRTSf) ^7 <fRTR R7)#R7T sFR 3TeFT- 
3TeFT RR RT 7RR ^TTRT 1 1 

Sfft-lfft RRRflRTf *) ?JRT? #) RTJ 3#? R7)#cf7T3T) 
R?) 31MRR5 RRRT RR TgeTRTT FfRT RRT I TJSRR# 
3#? 3TRcT)R7R R?) RR7#f7) 3 fcfRTRT ^7 RR[?) 
R#t?# TRft % 3FR RRT ^ ?# RTrf^TRRR RRRT^ 
7RT R^T ^ f^# 3TM RTf^TRR RRRRT RR %RRT 
RTRT 7RTRT 1 1 ^RT 1 897 4 1'4'ltiikHlvR (STRfR 
WRcTTf^TRT ^JdR) RR Rc|^u| ^ 

RTI ^ftRRRR^ R7f cl^llPlcbl' ^ R^dlc^lfu^RI R7( 
c(RTT RT sfk RRct (Carl Benda, 1 857-1 933) % 
1898 ^ RF RTR f^RT RT I R^ 

RR^ff (Camillo Golgi, 1843-1926) ^ R? RRtR 
7RFR Plcbldl RT ?R RR% f) RIR RR Tff^it 
RRR (Golgi body) R7^ 1 1 RTtftlRR ^7 rr|r 7#R^ 
% RTTR-RTTR R? if) RRT ReF) eTRT RT f^7 %^RR7 
RRR if) 3TfcTiff^R R^f t; RR# 3FRR ■jf) fcrf#R 
RRRTR RTf 77#)) 1 1 ^R RR ^)vff RT) ^71 RTRT RW) 
% f^ RTTRR RRRR R F) I #RRT RT) R) 3TTR #R f) 
R%€ I 

RT^R)RRf%RT RRT R^RPJof R7f#R7)R f, RRR ^ 
^TRRT Rf^fTeT RTRT 1 1 RT#)R7f)%RT R7)#R7T RcZT 
^ ## 1 1 Rfe 3TTR t^SF) R?) R7t%R 

R7RRT RT# R) c#RR R#^ 3 if #RT RRT 1 1 
7RRT RT^R)R7ff%RT 77F^ R RRRTfcT R# RRR R^t 
R7)#RR3f) T) RIR T#) f, c# RR7 R7T#R7tR #R if) 
t Rf #t^ 7 RR7RRT RT)#RR3f) t) f) RTRT 7RTRT 1 1 
RR t ReilflkHKR I R^ ^TRRT R7T# 3TTRTR t 3f)R 
R7f ifreff T) #RT 7RT RR7RT 1 1 
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FPIF dRdtch ft ftfftq cblR|cb|i< 



ft ftftq cblR|cb|i< WR Fqft 3 I 

FF cl <6 ft Rqqft ftl qvjlg ft Hell 
eFTFlT qftft 5JT 1% W TJcfj ch|f$| chi 
RTRRT ftft 1 ftlF fqft FJFi ftft 1 1 


q^-q^ roi^r^id ftft qftfftqq r^Ki % ftf# ^ qftqq 

^fftftf FqfFaqT aft, FFfqq fftqT qTFqT qTftftf 1 1 TTqr ftfF 
qftfftqq fWFrT % fftqqFT % FqaT zff ^rm FdfcbK qft ^TT Fft 
aft ftp FTWr ^ftor^TTfT^rf qq mft qftfftqqftf ft ®FTT ft, qft 
ftfftqq cfq % 31 om 14H q?TT Ft ft % FF ft q qftfftqqftf ft 
qft ^FIT ft qfftqr qqr # qrq ft ^qfft-Trr I 1 dbldd ftq 
3TcqfftqT #ftqr an 3TTF FFiqq ^o| r |l=bH ftft FT T[fqqqq an | 

Ffqft qF# ^ftftrftt Ffft ftr qaq ft qq# FTFFF (Carl Dieter) 
ft ftfftqq rRjftf qft fttu I Fqft ftfftqq qqqT, ftfel % 
fftFcTTF 3ftr rRJ ft# qT Ff% ft I qqF ftftf FTF=ft ftft#T 

aft fqr ftfftqq qqqT 31# ftfftqq % qftfftqq sR} % IdWK 
(ftf tf#) % qFFqF ftrrt qft qF^nft qT f#t i frqr P-ihi+f 
FTFFF ft ftfftqq#) ft qq qqqT, #fTFF ftft qqqfq qq q#q 
fftqT an i 

FFfft qqr 3 rt ftfnfftqr ft qqTqT 1ft ftft Fq^ftf ftftftl q 
qqftqqft ftfftqqft fufft ft ftlft-ftlft Tfftf ftftf 1 1 qft -qft 
fftqTF qF qqT fft Fffft ftl Frftf ftfftqqq qqr-fFft ft ftlft- 
ftlft f i 1 1 qr# ftiftqqft qftfftqq srt qq ftqr fftn 

fftFcTTF t ftl Fftft ft FPFTF ftf FT^-TF ^FTTeTT I 1 qF FFT fftqT 
qqT fft ftfqqqft qftfftqqaft # q# q# | qffft qftfftqq qoq 
ft qqj Trqt qf#q FM 1 1 

FFT mqqr fftftft qq *[Tsq qqrq qF aq fft ftfftqq qq qaqqq 
qf FT qftqRT qT qftfft TftT qftftt ftftrqq qftfftqq qft 3RFT 
qrrft ftw fftt FFqq q an i FFrft zwm\ ft^TF# ft fftft ff 
I ftqrftt FTnuft ftl q?R qfti 3TTrft aft I ftqT FFTtF aq ftft ft 
rRJ FTeTeT ft ftft fft f I FFlft qft u 1 1 i-| ^o| ^q zrq Tnq 
fftqT qqT fft ftfqqqft qrffftqq ffttsiqq qq srottf f i 
qF FftTfft qq ftq ftqr fftpq ftftlftlcb fftftq %FT (Wilhelm 
Hiss, 1831-1904) qft ^rT?q ft fft rffftqq qTTqT 3TfF FFlft 
ftlFFTTF ftqr Fqftq Fqq^ 1 1 qftfft qF ftf Ffttf^T 1ft ftftftfq 
ftqr ^nqq ffttr w\ ^qft ft ftft Ffftft frj qqft 
f Ff qF FjFT Ffft ft i qiqf rifftqqft ft Fqftq qftfftqqft ft 
fftqqq: qft ft i qftfft ftl qF ft tw fftqT fft ftfqqqft ft 
qFFqF fftqT Fqq?q ft orff ft qft qfft Frrftq ft qqF ft 
ftftf ft I FFrft qTF afft-qft 3T^T ftft ft qftftq ftfftq ftq 
ft qftfftqq fftFTqr % qift ft 3q qqr i 

J 
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nfcrfcrf£r4 (cfr): ^l^f^dl^chHl^kHK-d 



?T^cTI TTcf^ vJTcfUT #TT 1 1 ^JTcfr ^fcWT 

w£r Ffcft 1 1 M cffrf 

^T£TT 4dd 3TT Wf^U 1 1 dl^Rjdl 4?f 
^ 4xft ^FdT^ m ^T44 3Tcfefr^T 

3 cf^fl chd'l'l'lkHKxi qfit cf?T 
c^i^lcbiaff Tf ^uff % ^T 3 1 1 


sff^t chiRi^i cf^rf ^ % T3^r 

STREET 4 cRRlcbl % RMkI cMl^kHIdi 
WcT fi? ^ f^ST ^FTcf^r 1 1 
%fcRRf^S3TPTcri 


TTfcrfcrf^4 (^g): fM^cKH'l'^LeiK'ii 

/9<v) WMcf^cR 4?t H-dl 4?t iRt ddS ^ 
%wft f^PTer^ 4 ^sf I 

4dT cbi^|cbl3ff 3 ^ cfTTJJ 

^vR3TT%t? 

^fUdRlkHIdi 1 1 


TTfcrfcrf^ 4 (*T): fcrf^RT STT^fcRff % 
ckHN'lkHK-ci 

cTTeffW ^TT TTfmf 3 WT 4Teft ^fcTfeT eTT^ I 

^r ddT^ ^sf 3fR 4 ^sf I 

^fc^4T^chH^lkHldi44f^4dT^I 


31c|d]chHl c|ft ftoft-vgoft SPRjfcT : ITRnfW cftRlcbl 


cf^-cR? 4?f 4,'l^|cb|i' 3fk 3RR 
RFT 4TeT dHMI ^ ^sf I cb -£<*), 

chd'R'lkHKd c \5W] SFTaTTcfKT STRTpft ^ folsft 
1 1 vrRTT % fc|c|dU| ^ t, cbiRlcbiaff 4^t ^HT 
gg 'g.dKHi cbffw 44 


eFTT STTl ^T fbto R)4dd 44 ^44^4 fcrf^mt 3fR 
dcb-Tlcbl' ^ fbftcb Rcbld ^ 1 1 4^-4^ dcb^lcR % 
fc[444T % ^TT2T ?4 cb)R|cb|3ff 4^ 44T4T WT^t^t 4T 
^1 4T4 3fR cbl^lcbl 4?f 31MRcb gffb4T3ff 4?f 




t[RTT fcp FFt tRFT, chlRlchlsff ^ ^R3TTRft 3-)c|ei)cbd 

ftn ^FFftrtT cf?r fff rT fcK tjxt ^ Mchi^H^ 

RJSFF# FF? RTcT 1 1 Rdt tlvt Ft tRlt % feR 
5TFFFT fcRijff FF WTTF ft^TT RTFT % I cblRlcbl ^ 
3TcTF-3TeTF FTFT Rt FFFFT Ft 3FFftFTT 3TeFT-3TeFT 
tfcft 1 1 R# Felt t RF-RTt RT 3TeTF-3TeTF FRR 
3TTcT 1 1 R# 3TcTTFT ctRT Ft FFF Rt ttvt Ft FFT 
FR% tRIT RT W 1 1 RPqFF RJSFFfflFl % ftFFRT 
t tl RTTtt RFeTPFF aTFFT Ft FFFt FFTFT 2TT I 

R# FTF RtftF FFff rRRRF Ft FFFftR 3TT^ I 
cf4 FFT^f ttf ?lt t RT cblRlcbl % fcfRft R3TRT %RRT 
^ vFTFT f^FTF^ t 3fR RFF FFFT 1 1 ^RT 
FRF RT 3TcfF tRIT RT RTFRT 1 1 cTFFftFt % 
RcbKH t FdRRld RtRlF dF-tU tt FHilH'il RTTftR 
ft I FFR MI# RJSFFtff Ft 3TTFtF STFFT 3000 
Rt vF TFT Ft! Ft# RRfa RTFt FFF RT RT wRTR*F 
FFFT t FF fcT FRf Rt RftFFTF 3000 FFT FRT FT 
RTFTFTtlRFFF1940FFTWRFRftFT2ftl 

1940 % FRR t FT Ft FFFftFt ^ ftFFRT t 
FtftTFF % 3TEZTFF t FFRFFFfl' FFeTTF ftR | t Ft 
FFFft% §ff - RtFRT RjaFF# trttRIR I 



RRRT RJSFFRff t 



RtFRF R|FFF?ff Ft FFF RT 10,000 RT cTFR 10 
eTTRI fFT FFT FFT FftfsFF FFTFT 'FT RTFTFT 1 1 
RFt RF^RF 3TTF?tF STFFT FF tl MRdH t RfT 
RTR FF cblRlchl Ft RRTFT FTftft Rt tRI FTF t 
3ftR FFFt 31MRcF RTRFFT F fcrf^FF FFtFf Ft 
FFTFFFRTFRFTRFTF# I 

^kfF ^ FFT 3TRTRFR f^ RTTfsRT ft 1 1 ^TF ?F 
ftTRft FRF FFFF 4 cffRT tr FTRT Ft PldPFd FTR 
tt t FT FRFFTFTtR FFRR sfR-tR t tt t 
1 1 FFFt ttt tFt Ft FfcT FFt^ FFcF FR fttR 
FTRTft 1 1 RfttFfF t ^ftR FF fRFF FeT FF 
FftFM FR f^FT RTFT 1 1 FtftTFF ftrWIt Ft 
FTRFR FRT% 3FFR % RTTt FFT^ff Ft FReT FTKR t 
PldRdd FRt^ Rl’tlF^d Ft FFF Rt 3TeTF-3TeR 
ftRT WFT 1 1 TJRT FRF ^ FtftTFF ^ RFF 3TFTF- 
3TFR FFF FT RTt t, Rhf>| FfSZfFF ftRT RT 
RTFFTT tl fRT ftft RT RITRT tfR ^ FFttf % 
FFFFFR FF 3FFFF F^t t FFF ftcFft 1 1 

FF debt! chi % wtF FFTt RTTFt FtftTFF FF 
Rh 3TFFF ftRfF F dlURhdl ^ FRT RfF FFRFT 
1 1 ZftT f^FT FFT ftFRR RT RTTt FFTRTT FF fteF- 
^feF MRuiH 1 1 FRRRTeT, FtftTFF FF 3FFFF #d 
3TcTF-3TeTF ft^TSt t 3TTt FFT 1 1 FFeft ft^T t 
chlRlchl tr RFFTFRrFT RTFFF FF RSFFF I FtftTFF 


FF fFRT RT^FF# FF RltiF FF?T t, FRFt TTFFFT 
%Ft FRf FR#RT FFct 1 1 FTFTt % 3RFF- 
3TRF FFT FFFFT Ft 3FFF-3TFFT RT 't' FFlfFF 
FFRT tl RtFtTF RJSFFFt t FFFFT Ft FFTF 
^tFdH fF FF FFFtF fFRT RIFT 1 1 RIFcLH fF 
Ft FRF FFFli RTTFFF FFFFT Ft 3Tt?TT 1,00,000 
fFT FFT Ftt tl RRTfFTtr ^ fFT 3f|R 
3TP#IF F1R% tQT RT RTFFF 1 1 rIfSTF R^FF# 
t FFF % FTRT Ft FFTF ^M<=hl4 FfRT FF FFFtF 
fchdl dldltl 

/ 
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S’ 



F#F#F tt rRF % F# 1 1 

FRFTFRF FJRTRTT 3fhT ^FT #tFF 
FtS-Tp^ff I ^FTF^ft % MF1 Ft 

FrHwT3ff Ft str Ft Fiftet Ft ^hftt 

FFFF f 3TT f | Ftf?TFF % 3RFFF 4 1932 4 
FRt FFFF (Ernst Ruska 1906-1988) stTFT 
FFTF FF f#F#F ^FFFTt % TTFrST % 
FFtFFR FF? FFlW 55 ol4 FTF 1986 4 
FtFFr ^ wr Ft hoimi fft an i 

X 


4 #F-Ft WR FTF vif# t, FFFt FRFFT %# t 
#tFF FF W# fcRFRT 3FFFF f#FT FFT t 1 F^T 
f#FT tt Fet eft ^F3M FFFFJ 3fR3FJ^ F5#5 FF 
FF #F FFF# t f# #t-#t FF% ^FFFFTFF FT 
ftf#F FFMpIcb FF# WT t 3fR FF# 
^TFFFTFF Ft cbi^lcbl FF RfF# FtFT t 1 

^Fl# f#?TT FF F^lRlFF# % FFt FT 1 1 

FF# 3RT#T FF cbl^lchl Ft FF^t S3ftcT cf?r XTcf7 
FFF^ # FFT t #3ct t 3ftF FF FTFct t % ^ #F 

# 5gFR cbHchM # f^pr cblRlcbl tt ^JFFF FF# 

t 1 FT# FF cFFFFT FF FFT F#TF t 1 FF FFF 

# #sft t ffft FaF cblRicbiaff # ffpr frf# 

Ft FF ttFT t FTTfc^ FF #IT FT F# f# 

3TefF-3TcfF cblf$|cb|Cj FTFFF FT W FFct #Ft 
T^FT^#F#f#FIF?dl#Ft#FTF##tl 

#f# f#m ff ## ff f^iRT-^^en ff t - FFt 

FT W’ft FTFFT FTFt t % cblf^IcblQ f#F FFT# 



FF> sjcnJlRiji chlf^icbi 


F 53R-^cbl^4l‘ # RldFd F# t #R TRTFt FFFFT 
Ft ## sFTTT RFT FTFT t 3#T t W ## FF# f | 

FFT FFJ3Tt F #F#t# # F^F# 4 #)RlFF FF# 
^r€f t, cr^t cF>f frM ^ ?fr cbi^ic6i 

Wf^F ^cbRId Ft# 

1 1 if ^ TTcf3 ft ^ F# 1 1 % 

3flF F 1 # # uftcf 5F# ^ 3Tcf3 eft 

#rf#Fd ^ f# ti f# ^#lk, #f#f#n, 

^T#f#RT, ^7c#TT, 3T#FT #kF 3TTcT 1 1 W t^F 
#t FTF t f# FF #cff Tf 3FTft ^RTT# #cRT fsJRTTF 
(^m\, FFFF, NH, FRT#T c#FF) # 
cbl^lchl ^FT^^^FRRFFr^n## I 


FFT FF WF cFR#TT ^HlRHd FRIT fcp Fft ?fR RF 
#f#RTF # MR eft Ft# 1 1 FF#^#f#FR f 
f#5^ FcfS |fw FRTT RTFT tl F# 

^Riflfccb cblR|ch|i) cRF^ f| MR eft 

1 1 f## FT^: cR 3TFTF FtFT 

tl F# ##ft#f#F MFft tRsFF-Tjt cblR|cb|(i 
tl #F#f#TI tt#R#f#f5 #f#FT# % 
FFTF^T 1 1 FFT FF ^JeTcf: #f#RT# 

eft M# cfjyTtl 3fR ##ft#f#R 

#rf#R# % #F FFFPjt 3TRR F# tl 
FF# WTF FF 3PF t tjcf> R[£f eft# I 
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?4T tl-s^jd 4# J I fel fc| f^RTT 44# |H? ?4# 4# 
4-1^144 C| ## t 1 4ft elk 44 #4# eft 54# 454# 
ferfereTen 4vT4 STTeft t 1 4T4 5? 4 >5# 44 44T 4ddd 
t f# 44^ 4#Rl44 %#f ## 1 1 344 4ffc 44 4T54 
H.d'd chi 3 R43 4 4444ft chiRicbisff # f#5 f#? 

^4Tcf 1 1 44 4|444# # #45# 44 #1^144 (| ^ 44 
f%T5ff 4# 54? 4# te'y# I 454R 44d4# # 
f#4 TJXT f%T5r T44 MldRch R4J 3T954T <1444# 
4##I44 # tf# tl # f#5 f## W <##144 4# 
#454^4 4# 545? 45 tl # 4^ 4#f#443ff % 
3T4eTl4R % 354T4 45 f#f#5 f#n? 7J5 f | 

# f#5 f#f#R 4## # 455 51444# # 3TT5T4 4? 
545? ^4T# tl 3Tf£|445d: 4H#I443# 44 35544 
444#4 ^545# # f#4T '4T5T 1 1 R5 ?4 54^ 
41545 4J445# # 4# #144 4# #44# f # ?# 
4#f#45 f#f#, 'HlddlkHIvH (4#f#44 s55), #R4\ 
4dl#kHK5 3fk 4l$ci)44#^4l # f#>isll4 ## 1 1 

444J ^T5 ?#f 4>1#I443# 44 3T4c#44T ?#4#T4 
4ja45# # f#5T '4T5T t, 4T ^ 355 454T# #f 
4vT4 3TT# 1 1 efT 4>1#I44 44 4545 f#5 54T# 4545 
?4 454T3# 4# iff 44T# 4TTf#eT f#4T '4T5T % I 

<3 i 'd'£l 4ld 4? % f# 4? 5T4# 4^1 1? f# 445 
4ld#l4, 4T44 4>1^I44 4T 4RJ 4##I44 4 f#44T# 
4# ^FT'4t 454T# 54^ 444 4T#t 4>1#I443# # 4T# 
W# I 3T4 4W 45445 4#f#543# # 45* *41# 
1 1 ##, 4ld#4> 4T44 4l#l44 # 4T#5 4dl#kHK5 
f#455? 4fT# t 444J 44^ 4T44 5#f#543# # 
4dl# l -dK-d 4# tf#l 355# #f 35T# 3)c|dl4>#i # 
#4T4 ?4T 5T5 44 T ff4 f#4T tf4T f# 4#T455n45 
#4cf 4f#4f 4 5# 4# 54 4# #1443# # ?f# t #f 

?#tf#t I 

?4 4 4^ MldRcb 4>1^I4>I ^p\ %4T 44? 444#- 
444544 I 4445T 4? t fcp ?4 44^ 4T?ef 441# t fc4 
4>1 R|cM 44T ?4ft 1 1 3Tf^444T 4>lR|chl3ff # 44? 
^4T# 4TcT Wm\ #t ?4 ?4T 4T?cT # 44^ 4^4# 1 1 


Mldftcb cblRlchl 3f£444 44 44^ cT#44 44ef^T 
4^4Tcft 1 1 44^ 4T4 4? 4feeT ^34d^T ?T eft f^ft #f 
4##44 4^ ^d4T 44T# 4^t W 444# 1 1 

## # dnj 4 4T44 4##444 dgd STeFT-STeR 
Id 'is# € 444 ## # 44# v4T4T 3444 4# 6# I 
##f 4 # 44T4? 3#4 4454T e4T44 44^ ## ## 1 1 
?Tefff# 4454T # 444# f#f#£T4T ## t 444 
3Tf#444T 4#f#443ff 44 RT4T 1 ###44 44 
?v444T 4FT #44 t (#t 4T44T 4##444: f#4T# 
4#, f#4T# 44#) I f##4 Wdlfcl# # ## 4# 
4##443ff # # 4f4T 4R 344T4 ## tl 44# 
4#f#443t # 44444 444# 4#f#444 4T4 ^4# 1 1 



44R4 l|f#4T# 4f#4T3ff # 44T4 44 ## # ^tf 
3#4 44^ff 4T94 44t #4 ?J444 4# 4##44# 1 ?4^- 
^4# # dgd 3R44-3T444 dtl tt# I §# 4444 # 
44F # 4F4J 4T 44^ # ## 4# f##4 4##443# # 
# 4444444 V4T4T tf# t, f#444# 4R I ## ?4# 
c#44 4# 4##44# 3fl4 Tjt 4# 4#f#44# ## 
3444-3TeFT tf# 1 444 4f4T ?4 4Tc4 44^-## tf# 
1 1 '54 3F4T4 4R 3ff4 444444# v4T4T tf # 44^ 
f#e4-^44 f#4 444# 4444T4 tf44 t # ?4 
4444443# 4# 44# I Mldftcb 4#f#44 4# 
444444# 44T4# 4Te4 ^##4 45544 1 1 3TH544 4# 


25 


chlRicbiC;: Rbd41 wi\, Rhd41 Tirft 

RR^ i|R7 ^ 1663 tf Ft 'i u Ml Rtt Rt fRT 1 RR FR 
(RT'TR'T 15 RRTt.Rt.) RR^RRte 1 3Rd chir^l=bllJ 
#tt I ctt 3RR 3RTRTR FIRT RR^ f % ^ fRFTRt WtRt 
#tt I RRT HcMld ftlRJ % RRfc Tf 20 TO =blftl<^|iJ 
Flctt t 37fc RR7 RRRF FRTTR % FRt? 4 eft 600 1R7R 
cblftl'+liJ Rrf RTRtll 3TTR RR fRRtt rtT 3TRI 
TO ^T3?t t Rt }feRT Rtt Rif RKF RRtF RRFR 
^lftl=bl3Tf^^^^^|3flTW^HT^r 
fwr rrt rt rft rf wt io 

RReft 1 1 RR 3TTR RTRFFT RR?t t Rt TiRT RT? # R7?tR 
Rl% t TPET 3RR ct>lft|cf5|iJ RTR RR^ ft | 3Tt? FT fRR 
3TTWFRt? 1 yfcl^ld cbtrRcblRtRTTrRRRRRRRt 
RRF R^ RlftlRlit RRT RlRT t - FRRt WTT 600 
Ftrfr %■ I 

Rt? RTT •OI^tI RF Rt R'dlR RFTT fcFFT RIR I <in L K 
tRR RR aii^sl ?t ^cHT Rt Wfi Ft ft RRT FlRT fRT 
Rl^IRliJ RfR ^ti\ Ffeft 1 1 RR? tRRRt #[Rt ? 
^<*i1Rdl RT RTF 0.2 RT^RteT % RTTR? Ftft 1 1 1 
Hl^shl-HlcK RRRR 1 Rte? RF 10 RR1RT RTR (10‘ 6 
Rte?) i fftT i ?t.Rt. rf lo.ooocfr rtr \ ft i fR.Rt. 
RF FRTTRt RTR I 3f[RR RRJ RTlfRRF R5t RFRTt 20 
Hl^dol-Hld.< Ftrft t'l M RF TOFT RRRt I 
RRJ RTtfRRFR RfR R# Rt Ft TTRFTt tl 
Fj^R^f % 3T0^ ept cbl^l=bl RF eRTTT RlftR 7 ?t.Rt. 
FtrTT %■ I FJTJTPpf % 3R|^ 3RT^FT RF7% 3RR? RTR 
^ Rl^ Rt^ RR ^ 1 1 FRt RRRT ^ fRTTO Rtt 
RtRRR RltfRRFR RTTRlt <RR ?t f^RTR RR7 RiftR 3 




Rl%RR RtftRR FF T^Pm 
§elR^N '^SRR?ff feTRT 
RRT RtR 

RRRR 0.004 Pr.ift. 


RTRR 

d J lRR 8 PT?fT. 




i. Rteft tR^tf^RT 

eFTRR 3 Hl^fbM 


FT MI'hRlR, Rttf^TRRSff % Rt RRFI Rj^f ^jxj 
R^t-MI*Rch 5 R^chl^|cb| 3 fRMI^^cb dd'IRRt 
cblRl c 6 l I 


RFT FR cblR|4,| % 3T£RRR RR 3JR5 RTRRT RR^R 
R^^TT^MI^Rch chlRlcbl cftt RKtHI cfttRTR 


R^t I RJR3TTeft Rh^M ^ ^dlRcb R5fftTRR^ fewl 
% RRPT §ff t^PFl 7TR5 RTRRRff RRTst RRT f 3R 9R I 
RTRT RRT RT fcp FRft RRT9t 3 RftRR % RR?RRRcf7 
YT ^ vSTTef # I RtRTRRvR R7FT RRT RT I 3TRt 
ReTRTR MtdlkHIvd FT^R R7T Rldidfel t <ft R^ ^ffF 
RRRR FRTR RTRRtRRvR R?ft cblRlchl RcR ^ ^ 
fcTRT I RTRtRRvR % RTRRrRR % RT^ ^ RTRR ^Tsf I 

1830 ^7 RFTR7 RRT RR TW Ft^ eTRT RT fcp RT^ 
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WF f)TR X40 



17 

FTFT ^FT 7|ft FFFTFT TT 4>tRl4>l3Tt eft FT^F 41W 


ftRrFFtFt#Ttll TTTF?T % Fft ^ FTrT 3TtT 

RTF ^ fttR I 1 RFFF 3TFFTF FTt Wfe f rlt TRfT 
Ft FTFJ FT Ft*t Fft M*RF FTtfftFFF FPTFF TTcfT 
Ft TTTF?T Ftt Ftrft fl f^FF-f^FF fttoff eft 
Rtf^T# Ft 3RJFF TRF7 ft itft FTFFFF % TFTFTT 
Ftt Ftrft f I W^t FTf (fttT ^^Tt-^^ft FFt # ftt) 
FF FF FtrTT t # F# fttoff eft FftfftFFF Fftt 
Sift Ftt fttoff F^t FTtfftFFF F>ttt Ftrft Ftftt I 
4ftfftFF3ff FF 3ToFrttFFT FFrt fTT 3TTF ftt RFFtt 
TTTFfT FF T[FT 3RWT 3FFT?T FRTT TTFnt f I TIFTTT 
rftT ft RTTT Fft Fftf?TFF3ft F^t TFT^TT FF 3RFM 
rFFTFT 3TTTTTF 1 1 

rTTtFF ztf | # TRR M FFFTT ft fftTT FT fft.ftt. 
% opt ®pt ftf | zftFT-FTT rtrF cFFTFTT Rt FTTFTftt 
FFT ft I 3TF fft F[^rFFft ft FTF 3TTFftF ft ftftf I 
STRIT F7t Fftr ferlliJ-^FFTF FF tft fft FFT FTT ft 
3TTWt fftr[ft fft.ftt. fFTTTT fftlft t FT 1 1 FF 
WFFT Fft FftfftFF oTTFTt FFTTFF Fft FTTt FTF^F ft 
ftft fttr FFT rl'IlH fft FFT FTT it FRFft FT 
ftftft ft r=hrHl FftfftFFF FFR 3TTrft 1 1 FT Ft 
3TFfttFFff Ftt FFF FT 3TTWt fttFT-fttFT 3RFTF 
FFT 4TTTRTT fft FfttlFFIi fftFFt FF# FT fttftt 
Ftrft t I FFPt fFFFFT FF Ftrft I fft FFT rftT FT 
FFFRT FTFT FTTFF Ftt ^Tlft T|RKftt Tt tfTlft 
FT FFFft %FT FTrft I fft FF FFT FFTTFT ^fFFRT 
Ft FTFT F far t"FIT FFT ft ft TFt I fttT FTFT 
FTft Ft TFt t I Fft ?RTF Ftnt T^FT T^rt FTFT 
FFFFT Ftt t^TTT FT Ff rT FFtF tnT^ 1%Ft Ft I 



^PF-TttFf sftT FRpt cftt cb)R|chl3tf ^ ftF 3 TXcpr 
F#t, 3P^TFFT FT FteTTFFT 3ftT 3TTTTFTTT % 
cblRlchl F^^Ft#FF^TFFttTTcfTTFFTF4Fnrfr 
1 1 FF TFFT cftt ^f?di|TH (^FFFT) FTFT FFT I FF 
ift FrTT FcTT f^T ^f^TFTT 3ftT FTTTFTTT % Fttf^RPT 
F^F #F FFT f^edl Ftrft % Fft FF FtFt cRt 
3TeRT-3TeRT TTFrft 1 1 F^t %^FFT flTwft FTF^ 1 1 

f^R 1 880 3fR 1 890 % FFTcfff $ FF TW F 3 ^ ftp 


^RFFT % 3TTTTFTTT FF FffftTFF RF FFTTTR 
FFT^t Flft 1 1 FTTFF ^ FF FFFFTT 3ftT eff^FTT 
FFT4 FTFT FFT I FTT TRF FFeRT 3T^ ^ 3T^ 
^aFF# Tt itTsRt FT FrF FeF ftp cfttftTFF RF $ 
FT^ Tut utcf-utcf 0 U| flRF^ 1 1 ^ F)U| 
3RFTFFT, FtefTFFT FT TFFJFT Ftft 1 1 F^ FFFt FTt 
FTFFtFFf%FT FTFT FFT I FT# FTF F?t FFfrt 

F#l^ ^?FF# ^ 3 TTfcTWR ^ FTF ft TRFF ft 
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( ■ 

JJePJcT FftfcRT $cbl$t) J|U|d?l 

FRt W ft) fe+fad FfrTT cblfillehl Rwi-d ttt-ttt 
tfFftllTRFF 3TR *RFHIcHF> 3TO^TWI FR 
FIR Ft FFTR aflT FeTTFSR % ftR Rt FT^t t °4Fd 
ftWFt,l^WtWWRTRT%FtfFTF)T ftFFTRT 
FF afTFlF Tilt TlttF' FTafTPT fF? TJeTfcT 

41 fold $F>l$ti % J|u|d’d (republics of living 
elementary units) f | 

FF eblfillcbl WlR FFFfFFtTTFtFmtlFRtlit 
ftr WTF % FFFTt % RRTR cb)R»l«bliJ Ft RTF Ft 
ffRFFtf fRRTRt tl TicfT rit RRFF aiFRT pF TFRF 
arftpR t, t Flf Tilt FFt TFF amt tfftR TFt % 
ftp FRRt 1 1 fPlt afR, % TTcp- TRltF FF fFRTT 4) t 
afR FTT TR t t fF? ftRT FRRt t tt ft TRT)f % 
4)5 ft%Rhij ' d^'Oti 


sft I fTRTF 3TTf4WN 1 930 % RFTFT t f 3TT 2TT I 
fT# TTT2T tt dchldcb cbl^lchl t R^-Rf TRRTf 
ftW efttl Wp 3fR dl$d)cM|u^dl Ft tt 
appR wRM tt Wf TFRF R( RRT I FRT ReF ft> 
^Rcf?r afFtt #HI tt W?>t tttRT 1 1 $elch£M 
TTFRR# Ft RRR TT FF TFP f 3TT % F)lRlF>l RcR 
4 W ^cb-dK RTeT FRRf Rtt 1 1 fR 3)c|d|cbdl cfj 
FTR Fpg R FRTFft cblf^lcbiaff % WT ftR FRTFTT 
aTTRtFFTRFTffRRt(ftaM8) I 

Rt cblRlcbl FF Rff TTFP pF Weft 3fR RTRT Rt 
RTcT ws} % TTM PRT f3F PT RTRT ttt-ttt 
ftftR TRRTR RJFTft Rf f I 3TR cblRlcbl -got] eft 
ftftpR RRjaff, ftrfeeRTT, W-W cjjuff % TTcb 
RTeT % RTF t tm apt eFTT I RF ^PRK RTeT Ft 
FRTRT fWt ft ftr FFofld RT rW % TRTR RvTT 
3TT4 eFTT RT I fTT^ TTTR tt RF "tit FlrTT W 
fcp cblRlcbl cfj fcrf^FT fshdlcbelN aTeFT-aTeFT 
^TFTf 4 ?Rr 1 1 rR W RW 4t ^4 eFTT % RfR 
cblRlcbl XRbddPld Wit 

tl fW^TeT ^JT RW c(5t Wk Ftt Wt I 
W cblRlcbl % fR? dHFd Wrff cj5t 
WWpWrFT WFTT cftWRTcftRRRT Wtl 


N 

arqt 3RT =Ff # ^1 ?k cftt WRTTt 

wt Wt t, tiw wit ^t wwtn ^?ft t affc 
WiW 4t Wti ^ rft ^ W ftr # 3F% an# 
arfWr % feR vtW 1 1 w rttst f\ ftRr ^tt 

fTW cblRl=bliJ lisdl^H) ^TRmtR Wttl ^ 

TtWT W t Wt % TTFR R aRT 
fWaff %fRtr and^d'+> tlrl 1 1 
Wlddafr ^ fteRR Wr ^TT ^FU 
R?RTRt ^TcT ^t afF RT#RT ^RcTT 1 4t W tWf t 
^r-^r wit arrat 1 1 w ^=bi^4i Wi 

WW ^TT WT RR WcTT t dt Wr RIR W W 

MRW^fT aW 1 4t ^3wtt ^cbl^ili t F# 

1 1 iJH4<d tjot (emergent properties) t 
3tr 4tw % W3R t FF f#' W-W WRt 1 1 

/ 


r 


~\ 


vtlcT^rcRRT cblRlcbl ^oEf 

F H <4 FT HMI R I rl I FT ft> FtHfl'M t 
WR % TJR R} rRRT W? t t#rT 
t I rRT TttetRTTFT (WsFT) FTFT W I 
RR FR-tR RFR fan ft> W RTeT FFTt eft 
RTF fFT RRRR t fWt Fit RTF % FRT W 
ttf ftut fTi f 3fR FtfFTFTT Ft fFRTR FR 
RFFlf R R4-m ttrft t eft TTRFT R 3TTFT ft) 
W R t) TpT FFT ftt oFFFFT t f I TsTRT cfk 
tf %' ; FF) Ft TlftF Fit FT tr^FFT % aFFT 
FF F^F aifr FTFT FF F^F aRR-aRR 
FFFFt Ff I TTF WspF FF ^JR: RTRFTTR 
ftvFT RFT — TTTFRfpTPR FTRf FtftTFF 
F°F I tl^FF) % aFFT Rt FFT«f Fit Wft 
F oF FT -ffteltipIPH FTFT RFf eFTT I 


J 
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iiu^imif^Hcb vifTcT 
(endoplasmic reticulum) 


(lysosome) 


n 


(nucleus ) 

cb-£cj? R-ieeTl (nuclear membrane) 
(ribosomes) 


(Golgi body ^IT 
Golgi apparatus) 

(mitochondria) 


cp|R|cp| H^eeTl (cell membrane) 



f^T 18-^5 

cbl^lcbl 

ch-^cp (nucleus 

l^eeTl 

yi^'W-ih (ribosomes) 
iJu^lkHir?Hcp ^rr^r 
(endoplasmic reticulum) 

J | N |e41 0N 
(Golgi body 
Golgi apparatus) 

RRklcpi (vacuol 

cTci'N'Mk-^ (chloroplast) 

chi Rl chi f^TfxT (cell wall) 

chlRichi ftrWfr 
(cell membrane) 

^ f^r ^ ^4 cpttagrt % 3Fci ^14^ ^ jim 

^Mcbl'Tl ^SfTETN^sRTTT^t I ^fcff^^TFff eft 

SFjqRT c^r cq-FT cbl^lchl 3 ^ ^ 

cTT^ 3FTT ^ ^TC^FTT f^TcT 1 1 


18-^ 

Wl'bftd cpRqfrf ct^|f^|cbl 
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fejccfl (cell membrane) 


cblRlFF f^ex-Tl cblRlcfcl FF 3TTFFF 3fR \ERTF>t #FT 
FF f^rak^T FR^f t, cfclRlcM sRF Cf5t 3FRT 3FFF 
FFTF FSHrit t 3fk FTF^f Mi|Ic|x!U| k tftl 

cblRlFF % 3RFF cfTj FRTTFROT ifTF^ c||d|cRU| k 
3TeTF FlFT tl cblRlFF % 3RR wf FF FF^ 
fcfkre: FMcM F vH^eH FTFT RTFT 1 1 F^ FFT F 
ffft 3 cbi^ichi kTecft tjPRif kRRft 1 1 

cblRlcbl %ckr # cbl^lcbl F>t FF^ FT^ft FFF t 
kr cblRlcbl sRF FT) FTikt FFfFFF FT 3TeTF FTFcft 

1 1 cbiRicbi frttft kHivHi krekr^ftcf^t i 

cblRict>i % 3 rff 3trT ftcT kkit iff f^T ^frT 
FrRFR kf 3RFF FTFT sldl % sfR cR? 
ws} ^FRT kfFR ft W FIT FFFTT 1 1 ^T %roft 
Cf5t fcTFTFFT FF ?Wt t % FF FF ws} F^T 3FFF- 
FTFF F^t 3TFT-RFT kftl chlRlcbl kTccft 3 FT 
fftf! ff ftftfff f^tt 1 1 

^T-^Hcbx!-MKJ|U| FRft FFdlcHcb FTWF 
(selectively permeable) kick) F^FcT 1 1 3TF^T FF 
FR cfft ddldd FF cfclRicfci ^ fcrfiRF W^ff % 

3||c||JHH cfnPl-tjdui cfR^ftl 

cblRlcbl f^ckl ^ FFF sfk ft FRclt 1 1 F^F 
cblRlcbl %ekr FF Wl kFF F^T t kHF$l 
FFF k kftTFFF F^T FFFTFkf 1 1 3TFfa 

kftTFF FFFIF FF W if) Ulocft % fvfk 1 1 
FF ijfoFF FF TrM cfj kkF f M FFFT 1 1 
1RRT ^R k vJRJSlf f ^F3TRff FkFtfF 
(development) % cfRTF F^-F^ FfTklFFF FFcit t 
3fR FcF RFF F) ^Rfk RFF FFTFRTkd FWt 1 1 
kk) chlRlchli) FFFFT k# 1 1 ?RF 
k ^F^ Fj^TF FFcTl % I FFFFl F 

3TFf % FF^ ^ FFRTjk ^FF krFTFT 1 1 
SfenFT FFffF % ?lfk 4 F^ FT?f) F^fklFF 3F F|k 
FF ift ?kk F ot krftlFFF Fk FFf F^tkTFF % FR 
^WFTFFFftt I 



Rl^ 19 

^Rj| klF^TF ^5FF?ft ^ FWeT STTcJ krfkfiR 


cblRlcbl krirf (cell wall) 


FF FTFF F^kTFF3ff F?t fcRfFFT 1 1 FIFT FF^kf 4 
FTFf) FFF ^Fef kHIvHI %cFft t F^t kk F^t 
F^FFSff 4 kHIvFI %ekt % FTFF kc^effFT k 
Fk) FF^ FvT^F TRF FT^ F|Fft t fkk cFfklFF krfrT 
F^ 1 1 FFF, 3fR FTFF klkTFFFt $ FF FF^ 

FFR FFF FnFT 1 1 

cFfkTFF krfrT FF^ ^FST FFFT ekrteft, f^FFF FFF 
kk) t Ff) cblRlcbl F^ FF^ PrfFFd 3TTFFF F ^T5TT 
5TFFT FR?ft 1 1 FFk FTFT FTTFT FT fcp FF eFTFF 
krf%F ^tFR t FF^ 3TF F^ F^kTFF FF FF^ 
FFRnjot 3TF FTFT RTcTT t kt ^ F^ fkfFF % 
kRH 3RF cblRlcblsff k eFTTFR ^FFTSff FF 
3TTFTF-FFTF FR^f 1 1 


fkr 20 

ridlri'! % kt <t>)Rl<+>|iT X 450 
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fart F# ftf cft^lcbl fiftc# eFTT 3TeT#cfR 


J l(clfelf^r 5: cftR|cblf|TecftcJjT31cJdlchH 




cftRlcbl fift# FF Sfc^ffcFT fttft-fttft #f fft^T ^TT 
TFFcTT I ## #T ft # ^TTftf ^TF## W ^TeTeft 
ft 1 ^TTft feH? fart WFWcR (Rhoeo bicolor) FTW 
ftft eft Tirft 6f^?r wr# 1 1 fart wftcPcr ^ 

T-M|c|ft ft# ft; ^TTftf ftftftf ^ cTFF #f 3 # 

^rff cFnn ft ^rrgft ft# 1 1 fftft eft ^ #f #^1 

Wjftf ciTeft TTW ft F^ Weft file# #FFeI 

ftl#FFIT^FF^FT##ftft(fftF21-cF) I 

cFTT cblf^lcMsff ft FeT# # FF FFlft FFT 
FvTF3TTcTTft? 

m #f fire# ff fw ft ?eft-ft #er eft Tjcjj-^r 
fF ^TefeR 5 f#F ft f#? FTF ft I #F ft ^FTF# 

ftftftf(f#T21-Tl) I 

w ?jenftf # cftRichi ft t?f> fft# ft 

fft^TcT T FTT ft ? 

FTFFF ft T|3TT #r ft fft FW ft ftfeT ft 3TFIF ft 
eftRlebl sRF fftc^g FFT ft 3# FTTF ft ftff#F 
file# ftf I eTTef # FTeT fft# ftf FT# ft# ftf 
cftifllcN flic# ft, # ftif^icbl fftfft ft c£F ftf # ft I 



Ffft sitf f>fft wrft ftf fft# ^? # ftf ## ften 
ft# ft l ijFrft fftn? tjfft ftf f^fft ft# fft %e# 
ftf 3i#f cR¥ f# ft f#f ft# ftF (#k 
#tf) f# ft ftf f# f# ft I 


cb^efr (nucleus ) 


w ftffftFF cm x?cn 3 tf fti # ft) fft <*>1 

cm ##f ftst ftf mien ft l ftFFn ft# f?t 
3 # fw ftf ft fftgft ftft FTen ftf## ft I # 
FT# F# FT# FFTF ft 1831 ft ^ffteTFFT 'TFT 
#TFT #fft #^FTftFFft#Fft#Hc# F 
#1 3TTF FF ftf Tjft ft fft ftrfftcm fft^RT ft 
FFcfftf ft ft FeTT^FF FF #TF FT fft ft^FFT ft 
ftf Fft ftrfftcm FF# ft; ft # FTTFft#TTFF F# ft | 
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FRTF 3TFFTF RT #siR R# ^Riflftcb 

chlRlcblsff t FTFT « t 1 3TFRF % #r FF 
RTF##! cfft RTR RTF RfflTRT# cT^TT #Ff # 
FflFREIF# vd^l^Njui f^TT TJTT FRt f I 

# ■^J^3TTcT t cb-sTF Ftef t FFF Fc41 tt FTFF 
ftRTR f# R# £ #F W Ft R# t 1 

#RF chlRlcbl cfj FT# RTFf RT FReM # R|ibu| 
RFFT t #F #F % F# cfTT f#fFR # RFFT t 1 
F####RI^4Rl<F ^RTFTFRt I #RfTRT 
FFFT FRRI RlfteT <# ftFTRFf#FTFr#t I 

teF> te# cbiRicM % #f rf ftr#t tf# 
t vsfr RFFF cblRlcbl flic# % FTFTF Ft# t 1 

fire# 4 r| fte tier t ## # wsf rt-rt 

FTRef fl cblRlcbl# RT RR-qipT ^l^cjRicb 
FF# FT# tt.RT.R #RTR £ ft #TcT T 1 1 #FR £ 
tt.RT.R 3FF W2ff % RTF Rf## % RF 

t TO RIFT tl cblRlcbl ftFTRF # FTFF FF 
Rf#FTffFT FT# FRIJ# % FFT t FT## Fl RTFT 
1 1 tt.RT.R t # FF FJFFT FTFFF#R ^cbl^ifi 
(##) # FF# Fff#T FT# t f# FFFf#TF cblRlcbl 
#F-#F # ##F FFTF# I f##F F## % FTFT 

# aii^cjRicb r# rt tefro fift 1 1 ftff-ftff 


FF FF ^FFT w 3FF FF# 3TTF.RT.R # FFT t 
fen # RFF Plcbdcb'! cbiRlcbl RF t M|Feil t 
#F FFT F#F RmW #f fte ^JR Ft# tl 
cblRlcbl# ff F#F f#T#T FF RTF FT#T#F FTFR 
TOFT# ff FfFT 1 1 



ftf#fttf Rtfter t ft# FfF r#r rr ## 

Ftef 1 1 1 FTF: R#RTf#TR RTR FT f#T# F# 1 1 
RfftlRT# t F#F # f##F RT RTF R# 
FTF#FTfF FF FfFT 1 1 #RR Ff FTFT ^FFT# # 
FTFR FF F$<flF)F FTFR RTFTOFf t ##T FFTF 
RTtt I 

RF RTtefF Rf F#fte ^aFF# ^ tTO FFT FT 
FFT FRT % Tjl RfflTRT RF t %f#TFf RT W 
RTR fte f RT 1 1 FF RTR RltefF RF # 3FR 
# 3FR TOFT RT teW RF tFT 1 1 

RfflrRT # FR ft# ^ ft# FR FRFf RT 
RTFTFFF F# ^T#f ^ tfFT tl ^R RTR Rf 
F#RTf#R RTR FT Ift^RF R# 1 1 


f^T 23 

^ tfrto ^rto 
^ht tototof 

#le1 

m^fTI t, 
wr ^frto sRef^ 
mRci^h #^fr 
^fftorr w ^ t t|^n 
to 1 1 to^fr w ^ 
^tor to^T to t 
to to^r ^ st^t 
T-tof ^TT cRRlcjol ^ 
sfT^ f I 



F##T 


cflRlcfl 

dleefl 
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Ft Tjxrff f^rfr'^T FTTrTT t , FHFF W TFTFT TTFfcrFF 
^n=h=r ^ft°r otFnfFFT ^rtfenr F *T 1 kd 1 1 (Joachim Hammerling) 
^ 1934 ft m w$t fhmr T^fteT^Frirzn m tttt Tr^rhff ^ 

fFFTFTI 

t^f#FT % tFFTT FF % TpTFtqt #fM FF 3im fclFT 
(zWt 3ffT FF3FT T%F) cT^TT FTT FT W e>ldl<dlMl #TM 
FFFWr(3TmF<dNl ^fedtftFt^fTIFFTFT^tFtqt 
FFt FF ssici 3^tr l +)<d FF ft-MI-^ell IFF Ft I Hd^ 

3TTFTT 3 Wt 3ttT OTF 3 T#3JF ^ FFFt 

fFcmFFFFT^TFFFTTTt^l 

^Rdd ^FFFtqtFftFtFFZtFFTI 3TFFft FIT Ft FtFt 
FFt FF ’£^'1 sft I FFFF 3TF FFFF ?F 'jft FTF 

31m ft Mr fti ffff 3 im ^ fen Fti fft^ 

FtFtFFT^TFFFTFTfl 

|rr#FT ff ^ fF w #tm ff #fff 3rm 

F Sid I F I 


^rit 


FF TPTsft item m- c hlftl=h)d 
6 1 rTl ft I F[<rlci: FTFt FF rl^ll 
FTFT (FFTFF 6 Tt.Ft.) FtcFT 
1 1 FTT% cftF FFT Ft?t t -- 
3TTFTT, FOT 3TtT tMi 
3FFT-3FF1 FFlfcTFt zt4 
FM-FM m Fit Ftcft 1 1 
fFFrft 4 FTFf WTct ^tTlt, eft 
fFTTt Ft ^TT #&t I zWt FFF 
Ft eft fFT Tt FF 3TTcft I 1 


3FFTT 


# Fit FFtFf % 3TTF1T FT #F 4 *||Ihf FF ft^t FT 
F|^fe%^#FFWtF'F5tFTFFFTFttFftf?lFFFFT# 
F>t FHF>k1 ^Idltl 



wiciiel'fl FFTcT A. mediterranea 


8-=^ 

O O 

'J’eiclnl TTFTeT A. crenulata 


W 3TFFF FFM FF FT % m Fft^lFF ^ FfF 
FTT%TJTTFlo| ^ft dddltlFTlti ^ddl d<£-FTFFft 
Fftf^lFF^ FtFt 1 1 3#T FlFT-fFFT % TJF Ft TRTTF 
Ft m-FFT F^IFI % FFFF Tt Ft fFF?t 1 1 FFlt 
TT%F fFFRF f fF T ftst-^T- T ftst 1 J a ft Fit FfFFt FF 
FFFFt#FFFT#FFTFtl 



wf sfrr ^er % ^Fft 

Plel-'Jcl T)F F^t cl 41 
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foF 24 


y 


(Golgi body^TT Golgi apparatus) 


(lysosome) 


Mf^^FTOFTOT FTRftFTFTOcjsIlPlcb^ 
1 898 3 MI#? ^TOTO# cff) FTOTO FT ^ fcRTT FT 
FFF TOFF cf?T FTfTTO xi-K^HI SelF^H ^FTO# 

fto totft ^ to 4 TOfT flri^rat ft 

fteTTOF Rft ?WT 1 1 ^ fMccRF ^crPld.'HI TOTFTF 
FFTcft t 3fk ^F% 3JKHMKH TOF 1# FT 

<jef^T (vesicles) fTcT f | F^FR TO? TO} TOT€Tf F 
TOF FTOFf ^RHchRH cf?T FTOTO FT FTTO^ cfRT 3 
MgFIk; TOT% 1 1 FR TOT FTOTFf F^t FFFFT TO) FfTOT 
FTOcF Fldl % I FTO +ni|^) Tf -i i i ctr! 0N FF FFF 
FTOTFf Fft 3TTFTFFF FT FTOeT FRFT 1 1 FTO 

FT ^ FTOTsf zn Ft chlRlcbl HrWfT cf?T 3tK if^T RTcT f 
FT FTO TOF WI (eTT^M^) cf?T 3TR *RT far 
RTcT 1 1 F^FFF %ecfT FF FfFFR ^ TO?} FT eft 
flRcft ctft FFRF *T W TOcT t FT FRF F5rfcR FR 
f^RTcT# I 

cblRlcbl 3 FTTOfT W cf?T FTFFT TOTF-TOTF 
1 1 Wfl FfF F^ TOF cblRlc^iaff ^ TOTFff FTTOF vFTTOT 
TOFft t foFFF W FfTF % feR RfH liyllsR 
cm cR^ ^rfcR cRRT t | 


FF FTFTeT ^ 5 llp|chl' FT} FfF M^IM FRcTT FT fcp 
RF cb)Rl45|3ff RT ^RTFR TOFFF feRctFF f%FT 
TORT FT ft tort t*FT ftf RTcT 9) TOT fteTFR 
Tjff TOTftTTOT % TOWT TOTR FTOTFf TOT FR RRr cf?f 
aFRTTOI^t I TOTOTO WSTTfcFftTO^ TO?ft 

cblRlcbl TOT FR cRf F^f FTOcTI TOT FlMt TOT TOT 

Rttot, to*t tot^tontft f?T fftr ^ I fto tor ^tot 

fcp t*FT toR fcFTTTOTOTfr FTOT^T TOT^TORTR FTFTO 
sffeTFT 4 itR ^ t 3fR FTTFTFF Fftf^TfcT 3 
TOT^TTOT ^ FTOsif ^ TOTO^T ^ TOT^ I f^RT 
FTO^} TOT TOC TOTOTT ?)TO t, TOfT TOT^TORTFT A ^ 
TOTRT TORT 1 1 TO#-TOm, fcrf^TR ^f^rfcRf ^ 
TOmfRTR TO^ TOT^ t 3fR TOFT ^ FTOT^T ^ 
cblRicw tot arm ^T arm w totto^ 1 1 ^ftfeR 

TOmfRfR TOT ^TO^TOeT tF FT TORFTRft #TOT 
TO?^ 1 1 ^ TOT^TORfR ^ TOTf^TTOT TOR 3 ^TO TOTOT 
^TOT^FvRTOT^t I 




mTOTTOTOf%FT TOTt, Ftd FT TOTOJFT TORT 1 1 ^ 
TOFRFF: 2^8 FT^TOR eF% 3fR TOffF 0.5 
FT^TOTF 1 1 Ffc %RTO ^ ^TOFT TO^ FT ^ 

TOT^ TOffF 1 50 7JFT TOTt ^ f I TO^TO TOT^TTOT $ 
TOfTF 1 00-1 50 FT^FTTOFf^FT FR TOT^ 1 1 TOFFF 
FTOF?fTF ^TOTO# ^ R FT^TOrTOTf%FT 


J lle41 
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f^F 25 

^ feRTT WT f^T 




(chloroplast) 



fftl 26 ft ^3ft WS cfJT ^ftpi 


^ feRTT J NI fft^ 

U>^HI ^TT ST^TW fftfft ft t dvR 3TTcT t 1 
$elc|^H ft ft ^Tftt SIMRch T^PTF ftt 

^ffftft ^T w W *TFTT 1 1 3TFT cfk JTFftft^ 
fttffteR ft f%T5ff ft ^dftr STt^T '3TW ftT ft fftsTFTT 
^TfcTF 1 1 W <R3RTeT ^Tftt -3HI-dRcb T^FTT cfTT fftpT 
fteTT t ftt ^dftt « ft fftlft 1 1 

?fte|ftft ft W < T dHcblft ft WT ^Tef?n t 

% Hl^elcMlu^AII ttcF^ ftfaR ft sFT ftft t 1 
‘ J ftcf^t ftcTR 3F^ cf?T 3TR WeR % ft ftft % I 
STTeR cFT fftRft wft 1 ftR ^dft ftNf ft W^T 

fttftfftRTl 

Hl^dlchlfu^ill cf^^per cblR|c(^A| ?cRFTftft?nt 
fft'flefl 6|cf|<Hd cblRlcM ftf ^dft cfRft ft feH? TSRft 
fftefft 1 1 Wt^Tf^l cf^T cblRlcbl 

WH (ftRoft ^R) ’jfT W ^TRTT 1 1 



W TTcf? ftfTT ^TFT t vsft cblRlcbiaff ft ^ft *TFTT 

^n?TT tl eMlftkHK-d TTfxT^ff eft ftlvflfftd ftk 

ftftftg cblRlcbiaff ft TTFTT ^TfcTF 1 1 ^ efft ft ft 
eMlftkHKri fftetft tl ft fftRfRJftT, 

3|u^|chK ?TT eft ft 3TTW ft ftft 1 1 ft^Teff 

ft if ftft^TT, ftcTTftj*TT, Ju^eiicbK ^TT dld^HI 

ftftftt I 

RcbRHd ftft ft ftft ft cfftrftdTfe: 4-10 Hl^fbld 
oJTRT ft ftft 1 1 eMlftkHl'ki m cfjft Wf^f 
eft Wtjt cRft d KH I i| Pi <+. ft sKdHI 

tl^fft^fT^Mft^ft^T ebddlell 1 1 ^Tfft^Tt 
cRftr ^ftfeRTT^ cT T[ft ftt ftftefR cblft^ftd 
ef)T fftftT tftn t I 
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FFSRTeT cMk'lkil'W FFFftft cblRlFF3ft ft FTF 
ftcT ff^ ftftff fftf ff fftftF 

MR 1 1 FeilftkHK-d % 3RMFT c^cblkHIFi (FFfF? 
kHlRftd) 3fk ftlftlkHl'ki (ftftftT toTlffeg) ftt FTF 
^Flftt I ^FFft<N<ftdd ftt^ftFFFSTRftt I 


vdM^cki mR wnt Fft areFT F^ft % ftf 
cblRlchl sFM ftFT RM %, FF ftf FFFFTF FFeT F^ 
F^T ftfFT I cbl(^|ct)|3ff ft ftF^FF ft FFFF ftlRlFF 

%eelt FFR F#T ftft ftR HfcHcbl^ Fftt ftftft 1 1 ft 

ftlRlFd Fft 3TT^fcT Fft ^ddl FFFT F^Fcft 1 1 FF 
cFFFT FF MR Fft fttvT t Rft M*| Fft SFFft % 
fePTtcFFFTT^^TKftt I 


fftF 28 

FFft Fft cf)lR|cf)| cpr RJSFFftf ft feTFT T T3TT fftF 



cRRlFF ft cRcT F^ ft Fft fttefTFFF 
ftefrjFT FFTTF FTft ^FTcft 1 1 RRkicbl^ 

1 1 WT ff^ chlRlcblsff ft ft FMFTF 
^ftftftsftft ftftft t, Fft cFFPrfcr FftfftFFftr 
ft RRhdcbiQ FFFft Fft ftft t afk ffw 
ftRlFFft ft cfr ft ftRlFF % 3FFF FF 
FFFft MTFT FTF ft? ftft 1 1 

RRdcblft ft R]R|td waff FF ftF?M fftFT 
^FTcF 1 1 3TeFFT, ft FftfftFF F^T ft 

L WKH'‘! U I FTFFF PlFHd ft F^Fft t I 


W fftFFM iJeTF: RFT FftRlFdft FF 2F fft# 
cblRlcblCi F^?ft 1 1 FFft FFcT 
FTF Fft sft fft gIFcTIRfI Fft FftfftFF# 

ftftRftlRcb ftft tl FTTMFfftcFftftftMT 
(ftftft-Fft ftrFTer) ft RFJF ft 3TT# # 1 

FfftfftftfftF FftfftfFF ft FF^ FftfftfF 
Rlcftl FFftfftfF fftftftfftftFFft t 1 FFF 
^ Fft FftfftftF F#f FTF ^FTft 1 1 W ft 


FTfftfFfftFT 
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J|fcl(c|fa 6: 

RRklFI3fr (vacuoles) cfrr SMdlFH 

fWl cy cJcH'Ic^-i STTST r^Fel frtt % Frrf% ^ 

ePTFT MK F# Ft# 1 1 ^TFT % fepr 

■HKlel tfref (vM %FJF - torch cactus) 

MSFH FTfaFFT2T*fftFT 

FTT 1 1 cFT eft Weft 3TT^t FTF FT^ 
afk ^ ^ecp ^TbRn ^ Ff^Rf^RT F\TI 
^JCTF# 3 RFT F TFF 3TTF4 f aFRTT 3 M I 
FlRlFIFr % 3FFF vsfT F%-F% ^Felt FFFT 
RfadFIk! f| 

FlRlFlFT *f 6e4> ?R-4le) FT % F|F FtR 



WeT ft FTFTT FT F/F t fcp 4l4>R4lRF 

fIRifift 4r %ftf %c# f# ?Wt RktfH fff 
^Rr tjcf> ftf %ftf f# Rrtt I fffff, 
4r%f^frfcfr fIRifift ^ 4 fRtfRt fH^tfft f# 
ftf frT ft ^%fMfeF fIRifift 4 RrcTcr 1 1 ^Rr 
Hl^dlcMfu^ill, ^IkHlfyHcb ^ftfeFT F 



FF R4R41Rf cblRichi (t Wtoft) FT 

^el^M R lei ill TRIT Rl3 


FTeR) W Fff FTF FTcl I 5Tl%fMfecfT chlR|cbl«ff 
^ FlRlFI cfcFlei 4t F^f FTFT FTFT I W IpFf ^ 
FljFRTlF FFF FTF FT% it I 3Fl4> FeTTFT 5TFFFT 
ffR 4r ftff sichflRiii 4r FcMfRci 

Ffmt I 

%^FFT Fit! FTF FPl FT FFeTF FT? FT?) % fcp ^F*t 
^t.TRT.TJ. HIF FTFT I FFTF pel'll T?f % f4> 
4)4>R4lRF FIRIFIFT 3 ^t.FF.F. FFT feTTFR 
FFFT % FFT 4 FlFT 1 1 

4t%fMfeF FtRlFFFf 3 fR FtRTFFT F^l FTF 
FF) FT FFeTF t fcp ^FFT FFFRfF FF4 FlRlFI 
sRF 3 # FH FfeT 1 1 <p? FT4 FTRtfT ftTeeft 
cT?) SFFFvft FI? FT ift FFT FfeT 1 1 #ft 
F^FtFtf%F %FRrFTRTFF4 FTRtFT %ecft F^t 

f-ff41 fff ff tph fRi 1 1 ftf 4f^iRf 
FR pfMfeF FTcT 1 1 
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ytoRtlfto cr AjcbRtlfto 
toRleblto to TJcfj geHT 


' i pnto 



0.1-10 [jm 

mtomfem mlRimi 


10-100 [jm 

ehlftlehl 


ddbR 

w 

j ii<r^n ^pt 
litMiitHm tftodn 
dl$<itolfu$<4l 
toflfto 
dtotld 


1-10 dltodto 
3djtold 
TTeJT, ^dl=bK 

3Pf[fto 
3^qf^TcT 
3Pf[fto 
ddltoldd t dtt 
todfnT Wit 
3djtold 


10-100 Hitoto 

toto 

nrnifto, Rto 

wqfkw 

toto 

wqfkw 

ddRlkdldd % 3KT 

mtafPfdTdt 

toto 


k ^ 2TT TTcf, Wl*)ftcb cb|R|cbl Cf5l dfto fc|c|yu| I 

1ft dto sdj tt-ttd dft £dTd dto eft t 1 H6d°l 
^TTcT dt dW t to eb)R|cbl eft SH-dReb vf-Rddl 
ftto dtt m?tt I dtt to tt fto to? T T 1 ? t 

mtottomtottotofto3ndtot,t^msnntl 
to t tom am mlltoi to tom dm m I to?d 
tonto tot tl cbiRichi ebebid, tomtom 
Wef tow ddldK ndt-toto to 1 1 dtt dm 
to 3dd tod tt d dt nm mnw mr to to t, d 
tt mm % to top ^ 1 1 eftftoi to 
to to t 1 wto nm mt mtotm totodi 
wtt t 1 ^atoit t mtomd k to ^ mto eft 
tor to t tdm mto t , mmmT mrnn tt rnmmm m? 
dWT t to dW dt Wit md t to 3fTd tR dd wt 
3fc|dtcbdkto 1 JdeblR|cblttRdet tl 

c[mff md dW t to 3dd to dd cbiRlcbl % ftoff t 

dm tott w, mm diwtotfton, dm-to 
ntotonmd ftomn to 1 1 dto t wd tonf to 


ton ebiRicbi k dmR dn toto mmt 1 1 to 
toto mtow mi nd mto tot totonto t 5-6 
tott mid wt mmt tl |n? totonto t 
ntotoktoT to tom m|d torm tot 1 1 tot 
wm k tot totornito t efeil ti kH K-d to ton 

40-50 deb tt mrntt 1 1 

totot to todm md dw t to ftoff t tot dd 
toftomt mitt dvm tot 1 1 ^antoff t tot dt tt 
toftok mto tt nmn tot 1 1 nRder t toftobit 
ftondTtt dmmd t todt etto-toto to memm 
tort tt tftt 1 1 mm to dd mw wm tott m^ to 
^antoft t tom mto t, dt mtot mm ndto-to 
ftot m mdid to tot 1 1 ^amtof t mtom 
nto mmm wm mm nmg % toto nm dm to to 
to 1 1 toto nn mndT dvR andT mnditom 
1 1 midebd vfdv? ^rntof t totoebito k ft- 
snmtt torn nmjn ton to to 1 1 mto t 

nftfto 3 1 ^ dfttotm ^?nt to 1 1 
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chl^lchl^mjcFFr^? 


F|FFF?ff R 3Rd)FH % fRt cR|R|cM 3TT % 3T?FFF 
FF FTR FFTFF fcRTT FR FFFft FFFT FTt FTF 
ftlF FF RF R FTFTfR FF W Rf %FT I ^FT WT 
F?f wR f%TT fRf c^lf^lcbl fR FTF 3T?jR R fRR I 
^Tcf^T ^FF^PET ^ cblf^lcbisff f^FTW ^ # I 


>1 



^JF> R ft W T FTT 2TT ftp ^TF# cf?T FFF R 

STFeTlFFT FfR cTTeff R czrRfF k|RR W 
c^^H^ch R R | eijcH^cb eTFFF FTFR T|FT Rr 

'iH -H cb I oTH R I RR efr FFIF FFFfT cZTTFTR R, W 
f^RtR R R RfR R?iR fR sftR Riff ff 

fcRTT STT I R fRIR FT FT^M FTFT FFlR 

fR RRR fR R R R^R 3fR 3TFR 

3ReffcFff cf?T RF MT ‘RfFT RTFTTFcR 
3TFF eFFF’ fR Rw FfR I R fRRR RFF RTFTFRt 
cf?T RRfFF R iri cRTft aff I W RldfRdl 50 fR 
FF o M FT I F^fR t % % FFTF |T^ 

WfF wf%R ^ 3fR ^ ^ R# FRFT 

sifRd §ft w fRtR ftfR fRfRRr ff Rtf RffR 
fRfRfti 



e^^H^cb R 3TFR FFTF ^FFfRRT R FFTF 
^sfRRt RR f^# R ‘^RFdFijd’ f^fR R l ffR 

^SF F)c|d)FH cf?r FFFF^FT FF 9ft fcp 1683 3 

^cKTlRill R^I feTF Rl FF 31c|dlcb^' R Rt 

sRF RFT cf?T fR Ft FTF 4 RRR , FFeT FF RM fR 
RRiRT^WTFF: ^H^cb^^fTsff | 


nfcrfcrf^7 (F>): FTRtFRfFFF3)c|d'|cM 


FF? RfFTF R Rb'fll FFR FT Flel FF HlRl dl^ I 
RFFF FlFT % FTRt R FFR, W^FF F FRFT 
^FFft^FTFenFTRFl 


F^T Fpft fR FT FI |f >!vll^ FF fR I FTR fR 
|f Rt RTF RTRt-Rt FFR fRfF Rt FcTTFF FF Ref 

R I fR FRF fFcFT R FFRR R R RRM 

FFTTFF FF |f % FF %fR FF 3TfRTFFT fR I 
FFIFT RlF R FF^ % 3FKTMIF % F^T RTF R 
RR I ^ft FRrfcrRr R fff?T M f?T ftfrf RFft 1 1 



Rif 30 

c>R"1^cf> cf5t 4,H-d0 cjiT 
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Rif 3i 

FsR % qpft ^ FFTPFF: R^R FtR 

% RitRtf 


ddl RR 3fR 3 h i h ch wid ReRT-ftfRrr, 
%c#dgelct ^RRffa dR? 

RWT #R ^ BRT ^ ^frM % f^TR 
RTR R*R RR?r £ddd RT R>fa Rd^Redl 
*TR^I 


RT ^rM Rl ^sfrT fi? RF WTR RT RTR vRR 
R5T I dTR: RTT^ f^RFT 4 ^frM % Rbdl41 f^RT 
Rd%^T #1 dKdRchdl 3 ^ M f^RcT I RfT 
WRT dddd ^R^^tsfR^rff 

6ncT^tf^Phdl41RTR'HHlRll^dRfR^tl 


nfcrfcrf^r 7 (^) : eft cbif^ichi^ 

R^k Rpft kkd RT WTR RT R^ czRpff % 
RfiRt 3 RRT 1 1 v^r ddtedl, #5, W Rkd I 
kkd RR5d RyTR 4 kfeTRT 1 1 fcRft ^RFT k 

2TRT-RT R^ft RTRT cfj fcp? kdR f^y tj^t ^ 
RRl dpft 4 RRRT 3fR RTcTT WT^T RTT ef I RTeT 
^cHT dcTRT FT fcp 2Tt^T 3RRR?ff I RTRT 

RRT % did Rd did c^t RT RT ^ 'i-dl^'S dd 
RRRd RRT fdkd k RR cf 3fR ^RRRff 4 ^Jsf I 

dfe #TR dTRSd RT Wfm Rd R? t cfT fd? 
RRT RTsft '-NRdeil ddft 3 RTeT cf I -3TTRT RRR 
dRRd 'Sid I dT-rfld d u cl RR Rd did d>t RR 
'tdlsrsi dd R5T RR? fdkd k RRRd k 

RRcTlRRR\ri 




fad 32 

^HS|K u l ^5dd?H dT 

cblRicbi q x400 



f^R 33 sdch^H RRdsff ^r kRT r ^g4k dST RTkRR 


RRT RTdRf Tk Rlfr wr€f-^t 3RRTRN 
RPTT^f^Rdfrt? 

Rft rR dRit #?r d5t RTfkRR # I rr rr 

RtftlRT k RR (RR-RT%i#d) Rk 1 1 

RTd kTR cblR|cbl3tf RT dt t RRRT f%RT 
RTTRRl 



40 


nfcrfctfa 7 (^t) : 3 cbif^icbiii 


sfr^T-^TT ef ef I wft R Wen ^TfeT (Wt?) 

WT ^ I ^tef W TTinT? 

w fRenr Rr oRn R sfR 4 srmsfa 

5twt R R^tr i 3m#n 5 twt 4 RtiR nn ^RWt 
mRRw 1 R vR^RtsT efl 


W ^FFf Rf SfTWT iRRVsRRf 3|u^|chK ^T 

u^m TWTRfR^r^tt? 

RRnRffRmt l 




f%T^T 34-^ 

% t^rf^TT ^T ^elc|^M 
^ feRTT T RTT I 


4 WTeTT x^cp 6T5T Wcf 


RFJTT % 3TTnR RtIT Rfm, fcf>Rf iff ig^R % wft RR 

nR ^swRrf 4 R?ir cfr ^rR ^swfRr R^i4 RR 
1 1 R wf Rr 3 tt^? ^ T3ffn fcr^TFT nn t^r wti 
^ cTTef ^ t % RRR RR WlfcT WT Rf RRff 1 1 ^ 
w w afr fcp R uffn Rnflcr wisfl Rf snrR 3 tn 
^t Rf ^ttR 1 1 sfR wRt wmfcnn stt w fRw? I 

vi~fkl4T ^Rf 3 iff 3R^; (Aristotle, 384-322 ^FTT 
TjR) Rt W WT?T wff WTeff sff fcp wff sfR RteRf R 
RRf iJ^T Rfcf t fR f^T3ffcr WtR iwffcT R Wcf ^Tcf 

tl ^Rf W?T: ^TW nn Rh^M (spontaneous 
generation) n^wf f | 3TM iff ^4 effiT WlR t fR 


R^n RRf? 4 Rf smR arm R4T Rf ^tR t ^tt 
iRR^Rt RRr if Rf ^T Rf WTeff t ^TT R| nRitR Rf 
RcFTRf^TTRft I 

WMWWWMFf%3iI4%TO^ 

mR if wt RRtR t ^tt ?n RRR % mR 4 wt 

w ti ^ vRnff Rr Rr mRtwR RRt 

(Francesco Redi, 1626-1697) % tw nRfRf nR 

RWT W ^T4kTT t RunR 1TW Rf WfR 1 668 R 

wfRn fRw 2TT fcp ^ffn uffn iR ff ^r?TT 1 1 

^t# nf wRn nn ^RffRfct wr wf fR^n 

^17?!% I 
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Jlfaftfa 8: RcRsft cfrT *IR 

^ ^ RTR RP^R cR% wf^RT R? faRT 

RT ft) \fft RRf \j|^ \flft ^ ^RT ft dRcl if, 
faster rrr! ft Rft l rt A % ftft r ftsTTR ft 
RM 4 RR ^ 3TRRRTT ftf RR ftRT RT - RTfR 
ft ^RRT RT RRTTRl RftR PlHI^HK fftRT RT 
RRRT 1 1 ?R RPR ftt TO! ft faftt 3 RRTT ftR 
WT 1 1 ftR ft ft faft RT kHlffecb % RldKT RT 
3>e6'S ft ft I RR faft RP ‘R’ ftR RR ‘RT’ 
fftRT ft | RRdT fftRR Rp5T RTRRTftt ft RRTT ftRT I 
RR ftft RTR RT ftRT RfRR ft ft RR RR RRftt ftftf 
ft R?ft Rft RRTRR ftft fftft 4 RRTRR-RRTRR RIR 
ft | ‘R’ fftft ft RR RjRRT RR kHlffecb ftt Rft 
RTR ft I ?RT Rft ft Rft RTTf RTftR-RTftR #R RR ft 
dlfft RRT ft STT-RT RTft RRR HRil RT fttft 3RT 
^ftcT-R^ RPR RRRftcT RTft I 

‘RT fftft ft RPR RT RgRT ftp? ft ftfR RRT RR 
RfftlRT tftT cp I RR-ft Rift R^eTT ftftft RR 
RfftsTRT RR ftftft I RR RRlft RPR RR ftft ft RR 
RfRR SRefTRR fftRT RT RTRcTT 1 1 RR#f ft ffteft 
fftft ftfftfR ft ftft I RTRftT RRft ft fftftf fftft 
ft ftRefft |>ft RTftR ftft faftft I Rft RRff ft 
3Rjftt I 

ftft RRft ft RTR RRft RT RR RftRT 3f[R if I 
Rgft ft? ftfRR 4 R# f^T RT RTRRT 1 1 RRRsff 3TTR 
eft RR RfRR ft RRT 3Rt ftft t RRT RfRR ftf RRft 
RR-^fRft RR Rft ftft tl 3RT RP?T RT 

3Rgf ^ faef RTRT I ^RT RP '^RR Rt% RtR 
R%R ^fR R^T ‘R’ % RfR? RT RR cf I 

RR ‘R’ RT R^ft RTRfR RR^ WlffR- 
RffR#RR?^| 

m TTvTFTT RT ^5t gWft^JtR Rf RtefR 3RRT 
RT RRTfRR RRR 1 1 Mfaftd faRl Rt Rt^ 3fR 
^RT fcp 3RRT $ RTT MRd^H f 3TT 1 1 RR RsT 
RT RfRT Rf £RIR Rf fcp %R ^ R 
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eft W TFeT: vJFR ^TRef f? 



1 677 4 FFT TfFffwT ^T ilK J|K TT^fi 


TTPT | ^7 f^T fFr Ftx?T Fpft iff ^leHl ?tFT 

FTf^FfFFXqxtlFXFTFl 

FF ^RsH? fzp fcfFFf fM FTF ^ceff FFeff t, FTF FF 
^Wft ^eT ?tt eFKft t 3ffc x^TT *f FFeT XFRff t 
3ftF FTF X^Xff ^t FF^sSt FFeff % I 

FT5F FTF FF F?f t % FFT Fwff, X^Tff 3ffc 
FFnft fM f%wf 3 FFcf t FT fTt^ft TRF7 f%af 4 | 

Fff FFtF FT 3TTFTF xr ^t ^ FTTf^fF fcfTFT 

2TT fcp FF^ff Fiff FFeff t XJR FF^ % 3^ FtxTp 
# I STFtF fcfRft X5ffcr FF f^HfuT Fiff FT FTF7FT t XXfF 
XTFct FT 4 fTT ^t x3fTcr iffxjp FT I 4nt ^ TRfnrr 
% f^rXT Tff^ ^f_ FTF Vi q ifi j | %FT FT I FFF 

xqFFxrffF xxrrt % ftf ^t xtcj, ftf ftfR t^ftr 

^ f^R X3FTFT | 4r 5RM iff Cf4 RfF ^F WITT 4r 
Fddel Ft FF ft fcfT uffcfT ^ iff 75ffF FFef if I FFF 
xg^FxftF ^spr % FTF cTprff FTf eFFT fcfT FT F FT, ^ 
xqFFxrffF vRR 3TXRf SnxT XRTcT: XXHF FT FFcf ^Rf | 


XFF FffRlFdCl xfxg # F^ 3fk F>lRlFF RHcsIM 
TlfcNlRd f^TFT FFT ^ F^f XFFTR T^ 3TRF 3 
XFTfRf 3TTFT — tariff iff xxffF tf F|>F FT^t FffRlFd(| 
?tcff t, ^ Wf XFf STTcff t? FT ^F FTFTeT cRt 3fR 
FHM ifFTtf^Ft chlRlcbli) wf^3fKftt?XjRT 
^ Ferrer %F?RrxRTf^cb°iRii' i FFFtxFfftf^r 
ttM % RptW ff xkt 4 RRffF ?tFT 1 1 3 fr x^t 
H dl^f 4 xxftcFr % xjR 4^1 girl eft uflfl tf ^'tfl 7FTT 
WT7T % ftp cf^t xf^js} XXcfX STeFT ^T ^ 7ZfcT?R 
eFTeT f? WTF TFT ^ff iff 47? F47cf f fcp xxffcpf 
% xjR XFT XRTsff ^ Wf^f7 XFFf?f cFcR«n ^ f, 
F'JIdd ^ 1 1 cblRlcbl xfTFT^ ^T 

FTT ^iRhd 4RFT t % Rfxxffcr xTFTarf % ^T FFF % 
FTxffF FRFF cf?)' ift^t cR|R|chl % | 

WT F474R FWf ^ 4RFT XFfM ^FTT 
XRFFT W eFTFTtf^chlR|cb|i'7nx^aFX5ffFcf7?T^ 
3TT% 1 1 ^T XXFT^ m Fd4,d ^geTPFT f^Ipf 4?f 
vl^d ?fxft _ F^jf cfTT ^dlell Ft# effort 
7Fff% XFxflTrff F^f 4 clsIlPlcbj ^ qft F#t f%FT 
9TT I FT, ?F X^TTcft Ffx^f cfXT 3TTFR FT ?tFT ft 
1 1 xM, ^CTxffcff % WT^ efFtf cfTT fcRfR 2F fcp ^ 
XTFft 4 FT RTF^t 4 XfFF: ^FT ?t XJTT% 1 1 xffxft, FF 
^1 Fldl FT fcp cRl^ iff xffFcfX FTSFF (xft^ iTRF 
F%F) feTFT XFTXx Ft X5Fif |7T? FFTF FTF ^SFXxffF 
m<fc Ff xxnft ^ I jy effF did<f ft fcfr ^ ^CTxtffF 
3Txrf 3TTXT ^FT ?t XXTT^ 1 1 FRFF % efFff FF fcfFTF 
FT % ft xq;SFXxftF RrxftF 3fR FXxttF % xffF XRfX ^ 
tl cjt WFF (Louis Pasteur, 1822-1895) ^ 
RfFTFF FRFT F FFFit ^ ^T FTFFT FTf £FFF 
fcfTFT FF (^?t FTcpF XTTFFF FF 5TFFT) I 
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3|cleilcbH 


MRcbcMHI 


rtt % #t^ Tf^Rrta t%?t 

sH I ^M ^Nt % Mrl l f°h 4 I 

TUT «TTI 


-► 

^W3fk XTTTT 7JTT 

#^^^R^r3TTTT^r^ ? 

*F) Fh4^ TTTT | 

ti) 41oi ^r^-tf^n^ tttttt i 




TRTm 


W3T ^ #ET % sTTrRf 3 ^TTT ^ftW #T 3TE# cTTF WT TT% I 3#=f 

H=h f^TT ^^^^^^Tfte%TT,%TrftTf^4f^IFTT J HI 

1 1 far #ff ^TTHf if TTt ^tW Wit ^FTT tt 4 f^TT % ^ 3 *fc?PT TTT^ TJ^Rfa ^TT 






^R% «r- ^ W^R ^ ^T ^Nt 
^TTHf ^T M?FT f^TT eft W 
fftr Tfftft '^tttT ^Tcft «kch ^ eft 
trf TJjRRftT 3TT tttt sft w t# 
Hdl c||<rl <^RH %RtW wW 
T*R*ft'TJ^R'k H^«TTI 


^JCT yffeT 'Tift T TTT 7 TT 


ftlw wft 3 ^ 3R=r 3 tft tt^fM ^tt ft^r #tt wm Fftn eft ft ftftf ^ttf# ft ftrr ft Rft i 

W ftTTT ^ft f 3TT I RFRT % ftRfrft t^FIR fft ft T?ft WT T^Rfa ftftft ^eft Wf ^TeFT ft 

rfr^TTTI^r+'tJ^l Heft ftrftteRT 3H<i=b 'HI') % =hK u l HNH> LKlftd=bHft m|^| ttitt I 
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4FT F?f ^TT 4)T d^d 44T W 

4RT 3^T f4RT I ff^T FFTt FTc^ 4<dd 4ft 

F4Tt4fr cfte Rill dlF=h ^TTtT | ^1 4^ %f3> 

#Rh 4K a-H^ 37 Tttii | 


P|t4)t} 


^Rfk fcR ^r wi ft 

4F 4I4T W % R4 44T 413? ?t 4?T WW % 3^4? F# 3TT FTFt, ?M 4 ?FTTf ^T 

F#Fl?r i m: ■qfr^RT (ft) FFiFi sft? (n) i 


Ffc chiRlcbl ft 4ft4F cf?r ^HdH ^44^ t cfr ?FT^ 

?TFFr ?T4TeT t fcp cblRlcblQ wr Rf 3TTeft 1 1 ^T 
FRF F4T F? ^?4T FfT ^44 FT % ift 

chl^lcbl ?Tcft t 3f[? 3TF4RJ tfT I 3F% P|fc)xH FT 3jfT 
1£F FFFT cblRlcbl 1 1 eft ?FT F'*’ 

cbiRicbi ft ^t %?t ffft t? sfTwr ftf ^Wr 

% c^ir$|cbl RHc£|M k FTFRW c|4d<F 4 44TF ^ 

frt ft: “frM % fRrak) fttFFrr % R44F 44 

FFT FT<f<F4ft FFT t 3#? 4F F?4 t chlRlcbl cf5T 
RrIf I” FFfcT 4flRl44 RHcsIM 4^t T|fk FT W 
FT|F FT4Teft | FF? ^ W F^T RTFcT §t fcp 

cRiRicbi 44 RrW %?t ^Rn 1 1 f^^Rtt frftft 
f^chlRlchli'^^W^t^ffh^d I 

T TcTT Fj?T spc^ ^FT fR R cRT FTlFcI if I 3ITFT cffF R 
cbiRlcbl FT mRf 4 % 4T4k 4FT FfTFcT t? F? 4FT 
R'MI 3TFt 4t?"l R HSel vT?Rt % I IfFT FTF 4ft FFT 
3TTFTF ^ % feR FTFRt t fin ^ F^ 4flRl44 
Rt4 44 RlRKi ef I $?|cb fcTF ^(SR 44 ft44FT 
kSTFT FT|F WM I 



S N 

^1 ?Tr%^t4%TTn^ <^chi|RA|| tttttri^ 

^|‘I^RF*T^TTHWH ^Hrltcfr3TFr«Tf# 
WTT^fe^R^tl 

W ^T Ft^ t ^T 


TTfcrfcrf^ 9 : TfecfT c^T v^lcR rj^ 

W ^ratk cfr WKT ^ *fRR ^ fr 4RRT ?fkT 
4kff^ RTR % 3kt Rref% 1 1 ^ 3kt 
cK'HIcfl ^T TTRirf ^ ^rr Tfreff ^TT RhHKl' % 
3TKHMKH TpEjf $ f%eT^ 1 1 ^ 

RTS} 4 1 1 ^TT TR5 Rfk ^ 

f^IRT kR 1 3fR ^RT 3kt eFT^FT F^fT W?r % 
f^R FF t t^TcRT sT# ^ cTTFcTcT ^ ^ f | 


d d dH I d 4ft ^-RT ^vT cflWT ^ 4R 4^ 

R? 3FFf f^RFTT 3TRTFT #RTT 1 1 3R^f cRT ^ 

^ 4ff 4fcTeT FT WTeT^t 4%F ^ 3JR^ % RRft 

% FTF eTR I 3fR RTRm 4^T ffp F fiR^ I 
FTF 4 RFF cfft 4F^ 4^RF ^fT 'RF ef I 




dlcpd IpT 3T u 'Sl cp) % PRcPT 

(^Rt fcRft c£ cPT ^ w Pm) 3 ^fft 
pt pR^p % pRit R ^ 3 p ^ ^ wi M 
ppf ift Fpft R ^FPeT ct I 

^cHT cf FFT ^T PTp 3P^f cf5J EZTPT ^ 3Tc|dlcM pR | 
HK^ff 3fR eRTc# % #P 3 f^ TPPT 
R^P cb1(^|cbl3ff 

^TPPTt I 

W fRTP pRk 20-30 fRp ^PeRTT I pfe PPcTP R 
Ppft PFT ft ^ cfr ^ff P^£ cf5T PFft ^TcPT 
p?ptp%pti ttcp pr ip mm ^ Ft iij cfr w^r 
MfciRd 3prgt 4 Ft P% mRc|<M PP StPeTTcpP PFT 
^tpRt 1 1 3P^f R ^ srccr (f^p# t^pfer p^ t) 
fcRP fRp Picsel cl if, PPT 4Rp> R^d if, 
c^Mld PP 3TFT fc|cbKH %% RfcTT t, M pRp-^t 3TP 
Rp>Rid RfcT If 3fk P?P 4<S0 PP 'PTcTT If, PP 
^f^^^6T^cfjfeR^d-c|'W#nl 


<^Hld PP SMdlpH PFRT cfj f^pr gf^j zf^ % 

1% w t^ffer cf>r cf5t ppp pr ppft p%p 
R lPPdP^ RfPtft 4tpR PT 3FP PRP# 4 Ppft 
3 PPTPR Rp PT ^PTT ^TTP I 

mRRp 3)^1 PH PrR ppp p^ pp £PTP PTP 
P>t 3TR fReTTP % cUMld pft PTT^yT PpR % PTTP 
cf^T-^" pp-pp 3FT PpR ^TF P% if I cf HI ^4 fcp 
sfR-sfR t^PfeT p5t #, J|d4>4 (gills), WPP, 
STTcT, ffp P>t WP[#, RUef! P 3TPeft PFT PpR) 1 1 
cRiMld PPP?) HRP^ff ^fcTT t, ^PfeTP P^T% 
3FMRcb3Tfff cf5j3F eld'll H 3TRTTP ^tcTT 1 1 pspf PP 
£PTP cfR ^ F22T 3fR f^eFT^ fcp zf 
3FT ^JT cf5t ^STTcft ^ cRRlcbl ^ ^ 1 1 

Rl'ii Rd H6 c 41 eTR" R«>cf! CI J 'l FvR 3TTV d'ii Rd 
^ ^FT ^FRFT TT I ^PT % 3 S5tt-S5t£ 

FcSFTF cpT T^cp cTlell-W FdMI gVll dlR> R^Rid 
pldl ^coF) \3^T FF ^cF ^ch I ^<50 ^2 RcpRT cf>T epp 
\3^T fRF ^ FTPT cPW vj^cpl ijff ?RF T TFPf FT 
Wpftl 

cpT dffepT xpp 3Ppf) afR^t cfr PTfR’ ^rfcTcT Ff^" 
eRsr ^ PFT?T PT^t % 0P1 0lRl0l ^p\ 
cf>t ^cFT^ cp^T PZTT 1 1 TTep 0|R|0| ^ tjpT 
4^P WTT 0lRl0l PP # FT PFTTeT 1 1 WT Rt 
it 1 1 T^p FT PRRTcT 3PJ^ T^cp cprftlcPT 
^ M 0 IR 10 R spft t sflR ^rf) % ttcp ^t 
cblRlchl ^ ^fep % iJFffc Tf p4 cpt^ PTeft eFTFT 
fcfRP P?) ^PfRpIPP PP ?\i 1 1 cR WeT 

p^T vptpt PHdi^R cf5t f^rfer Rp anfep ^ 
cblRlchl^^T^cr^sFTTFTTl 



fer 36-^ 

^lco0 PP ^flcpT PcF 
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cblRlcbl ^ chilli chi 


sfR-Rft w % rM R sfk 

fcpfRT R Refer t M-'M ^rf^T3ff R RRTT I 
RT: RRT % RHc£|M R ^JRRT Ff ^fR R I 
^rfePT RT RT cf5t cZm&JTT 3TTRRF 
^chlR|cb|(i Rcft^RTtl 

RT R?) 4 cblRlchl RHc£|M % Mclcfchl' % 

RR) W Mef 3MT eft RTT^RT ^ Rh fcRR 
R3TI R RT R fch cblR|ch| % 3RR ^ 

ws} ddUd % RT ^ STcf^ftcT fRT eFTct t 3fR 

RF 6PT vjffcft t - ^ 'dlddl edR-d R 

FFT f^TT ^fr RRRT 4 ^<h an I RTR RT R 1% 
RddMK-d sftNfR cRiRichi 3 RchRnd ft 
R cTT % 3fR ftR RR f^fRT RcTT % I RT RR ^ 
^dlRd ^ ^RRF Rf chlRlcbl R RRT Re^uj 
%RTT RdT R I 

%TRFh RRT $ % chlRlcM ^ chRHchiaff % 
RT 3 cRlRlchli' cRcft Reft 1 1 RT% ftT& 

RRT WTC R R % ^itcff ft chlelchl RrM 
sTRT ^TT ^ffcr Rdft f I FfsRTT R) ^feR R?ft 
1 1 RF 3TTft ^TTR 3T4eftRd ftt Rftft I 

cbiRlcbiaff ftr RrW 4ft FffRTT 4ft ft 

%RR cf?T xHR-cHI R 3T?RRT 4Rft Red ^4 RJ I 
f^RT RR Ref R RFd |T3TT 2TT fftr cRiR|cb| R4 

dftft TRRTR RRft Fff t, Rfft MR aftftRH cf?T 

dch^lcb 4ft RR?) R ftt RR 3TFTT% % 

3FR ft) RRR dftf % | aftftRTR 4ft deb ft) 43 
R RRfftT cfR^ %RR ft RFTOft 4ft RRdft 
ft rT ci^iiRchl ^ trrpj4 ■jjRfft Rftt^ l 
TR3 ^ kj'didh ^KHdjR (Eduard Adolf 

Strasburger, 1844-1912) | StRrrf 

dch-Tlcb chT WfRT %^cF cRi 

^cldlchH f^RTTl ^ft 3TRRRF 4?) dcb4)ch 
^ crfc2R 4-elRHl (Walther Flemming, 1843-1905) 
^ 3R^ ^cidlcbd %tt| ^KHdjR % ttcR ^TT 

SiRRRcF Plcbldl R) ^ 3TRR 



dlRldl ^ 

^el^M ^ feTdT 'Nl Rich 



^p\ R#d cRT ^cTT ^TT | RRf sTS^ 

3Rcf3 % TRT cff) 3TRRf^?T fcfRT 3fR ftRRT 
cR Rdl I 0lRl0l3ff cff) f^3cR cR^ ^3 feR 
RTFRf 4d dMdld f^RTT RRT 1 1 ft^RT 4R^ R 
RrRRT '4^tRrcf3R f^RT 3TcR9TT 'f' Rft ^ FTf) RTcf) 
tl ^RhT SRdWd 4R^ R WR ^T % ^<*3 
^ 3RR SR) Sf Rt iTPff $ ^ ^ I 

^T £TFTf ^p\ WR shldRHld ( J J,UK^d) 4^T I 


47 


3TftFFFT FT t FRl 3TRPF FFt ij] Fnt 1 1 FeTF- 
3TeTF FiRicMFf % ^cldldH % 3TTFR FF t 
sFTFTF ftF FFT FR f^RTFl FFT FcfFT FT fc F 
0)R|0|(| ftFTftlF Ft Fit# I 

tR-sfR FF FFF fsn fcp cbl^lcbisff t fcTFRTF 
FfFT tl FTRT efR FT 1882 3 FTeFF FctftF t 
MtFF FTFF^ FFJ 4 cbi^lcbl ftFTFF FF FFF 
3FFFF FR% FFTFT fc P ftFRTF % FFF 
FFFTt t ftFFF Fft t 3fR RF-RF FF>?T FtftTFF 
% RRRR fRR FF FeTT RTFT t 1 

3TFT -c|d4^ cHxMjRl cblR|cb|3tf t tf F*t FFF % 
FFoTlFFT fcfR tjtt | |p£f % cfy^ 3T?FFFf FT FF 
FF?T t 3TFT eFTT FT ft> Ft chlR|cbl(| FFeT FT 
FFf^TF cblRlcbiaff % ftFMF Rt FFct t 1 FF% 
did FF 'l-Hcc FTF t' cZfFF FRt FF tF FFteFT 
ftRcftF Ft Fldl % 1% 6^0 0 lRlF>| fcfkft H6ei ^ 
FFf^TF 0 IR 10 I FT tf FF FFnt t - omnis cellula 
e cellula | FF cRlRl^l Rh^M FF 3fR 
FFFPjt RR| t 1 FF crf^F FTFT FF FTFF t f^RTFF 
3T2fFTFTt- ‘F?cb)R|0| FFtTFTFFftFF cRlRlchl 
FTFFtft I’ 

FT FefTFFF, FFTF F ftRcftF % FlFFTF FT 1 858 t 
cblRlchl Rlc^M^RlHfelRsIdfcF^FFFF^sf: 

1. FTt FRffF RF FT RF FT FtRtFT chlf$|cbisrf tf 

FtFltfl 

2. 0 IR 10 I FRM Ft ^RlFltl v^tfcTcT FFFt 1 1 
FF FRM ^ FRFFTFTF1 FFFfFFF FFF^ 

tl 

3. FTTff cblRlcblC; FFcT tt tfFjF cttRlFFSTT tt tt 
FFcftf I 

3TTFF, FF tl FtftTFF ftFRTF Ft ft^TT Ft M I 


10: 3 3$cH 

FftR Ft cb)R|0|3tf Ft FefTF^ FT FF^ fr 
1 1 FR F^f FFTFF FF 3TFeflFFT F^F STTF^F 
t Ftf I FFT FR t FtftlFFF |Ft Ft FtftlFT fR 
ftfF FF FF^ 3fR #r€t 3RFTFFF FtftTFF RfFFt Ff I 
t fcTFTftrF Ffct ^FtR FtftlFFF 1 1 

tRTT fcp FF^ FFTFT FFT 2F, FF ft^TT ^dd 
(budding) F^FefTct 1 1 F^ft FfFT FF t % FtftTFF 
t FF^ FFR-FT FFFT t sfR ^5 FFF FTF FF FTF 
STeFT Ff ^lldl 1 1 FF 3TeFT FfFR FFFF ctld 
FFRTFTt I 


j ifciRiRf 



fxf^ 2,7-m 

t "5fFF 

^elct^N ltd 
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tofftoJ 11: RITyT cfft vJT^f 3 chlRlcbl ftoviH 





Rfr *p? to slid el *T RR? efcR tofT R? ct I Rf? 
W 3TTRR RT WvT to? Rto Rfto fkto 
RR? cf 1 to cf?r WRTT k to (RTR % kto RFT) 
k ftoell ^tot |T^ tot to iile14R Rcbld 
cf| 3TW iRTR to toeT R? RH Rk RsT to to W 
%RTT tofT cRT RR to I gTRTcT RT ttP^T wRlto Rto 
to I #RRR ftot 3 RTvT 4 ?|R tot to f^e T 
3TTRfM ^ tot k ^JeTTR RT wto RT cblftol 
toRRT RT 3RRRT RRf % fto tot I 



/ N 

tokr-stoker to k fto i 

RFT toltoeT totof^ SFeT to 

3 RFT stoker ftofR 1 

L j 


r " vs s ^ s s " — to — toi 

WTvT cf?t to'Sl % 3T T TeT Rl^ ^ cf^fT^ 1-1 eF% 

Rk toR ton to4 c?to 'ffto 7 ^ 9 

to k tor to rr i rr% rt> tor rtrt *r 

U 04 (A -31 fvchl f! cA cfc TJToT tol rA £ 1 


to 1 xn v — | Ol vM ' 1 O v 1 W' H 1 v 1 ~ xPlvl M 1 

/ 


rr to RtftoTsfr % to? toi to? 

tof ReT to to?MR toRT to tot 

tot tot to to 1 1 to’ rrrrr 
rr toftoT ftoRR to totor 
sfcR-tototot i 


to rttr to toi to to (tok 60 ftot totor 
to to fto toR? i o-i 5 tore: k fto Rf> R?R 
Rtol 


r s 

RP to RTRT 4 9:1 % 3RRTR 4 

totototo to i totor Rtot- 
toftto 3ReT rt ftw k I (tot - 
9 to totototo 3 i to 1N 
^totofto 3TRT ftoto I ) 

J 



RRRRR5R? 1 to totototocTSTTSTfRkkRR 
to to to ftoto to rrr k rf tjrr to Rto 
Rtol 
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fsnwr 


$u4Vld Ft% W\rt t 
#C wt % ^tctr f^nt 

fer Tf. ^r 4 

Tpnj^ <*>lfti=bi % wz 

4 ?IWT TpF Wf *r 

^n?r 1 1 ?r 

•smt ^ 4 

f^TlfacT FtrTT t 3ftr ^ 
f^TlfacT %# =blftl=bl 
% 37eT r r-3^r r r ftifi' 
•3TtT^|l 

fer? ^r. J]ui^'i % ^ 
^qf cbir^lcbl 
3 L||^ch< ^TT %^oF ^T 

fom tl ^ 
qpff % ifrer *11*1*1 
Ps^l dHd)i3#T^Ht 
=blftl=bl3Tf ^T i^RW fT 
^IcTTtl 


39 

tzttvt qft ^ cf5t cblRicbi3rf 3 ftsrrspT 
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\ 

eq-FT ftft cf?r WTR W t fft TJefHT cfTT 
3RTRT fftRT RTR ftT 
cRT f^<sl l4 ft^T % ftR T|ft) fftrft 4 
ft c^f^lc^i^ ftft) f fftpfft fcPTRFT 
|T3TT ft I R^T TJeTTTT ft) 

fftrft) ft RRTR ft Rft fftft ft 
RR# RTfftRRfftftft) ^cbvHM R 
ftfft f^RTc^T ftf 3RRR cfrRTT ft 1 

l . 




1 


( — 1 

eftg R ft) wn ft 1JRBT ft Trgft RTR ft) 

Rft fft^ft (R^T^RT 1 1ft .ft).) ft) cRTRcR 3RR7 c R 

L^ 1 > 



r 

fteR RTR eRR fftR ft IJeTHT ft 1 fft.ft). ReRft 

ftrftcRft 1 





r 


ft) 6f^?r ?rrt-rt M cf^r i 


RRT^R RT 3Rei)cM TT?ft RR RRlftT 4 ftft 
fft? TRR 3M£^T 3 Rft I R fftft cfTT 3TcRTfcFT 

R?ft ftfftcRl fftRTRR eft fftfftR RcReftf 

'isTlvjl^ eft cftll^l efft I 

STcfeftRT W eRRTT ft fft RTT Rft cR|^|cR|ft ft 
ft^cR 'TvR 3 h |< rl I ft I ftft ft^cR RyR -iftl 
3TTRT, ft RRft W R fft?T cR? ft) ■RHT 

fftlsfftft? 


3RT TTcR ftftR ftftdTI cRFTvT % TTcR fftft R 
RR^R eft Rf cr ftftsR WTvf % ft? fftftr eft 
ftFfeR ^fpft RT[s|^ eft ftcR ft | cRR fftRT % W 
tft ftlRR WTvT eft ftfftR ft RRft fftft ft ftft-ftft 
ftft cTTfft ^RBT ft) RTft cR)R|cR|ii 3TRR3TRR 
ftftR R^R Weft RcT ft RR ft Tjft RR RftRT % 
ftft RRTFT ft ftR RTft I 

V / 

O 

?*TTft 'Wl^^clellebH efjfftrrftzTRftl 


STReft 77 ^- % fftxr ^Tftr Rft cR? eft TTcR 

^RT^ CRT f%RT (fftR 38) fftn RT ft I ^Teft 

*TW ft ft^ft eft ft)RR| efft fft R7T 

cftfftcRT3ft ft ft^fcR cRPft RR-RT fft^RT ft, 
RTT eft^|cR|3ft ft ftRTR % 3RR STTft 
ftftt RFTlft fftsfft ft, W cft^|ch|3ft ft ft 
ftRTR fft^ft Rft t? ft ftrffteR7 ftRTRR ft) 

ftfftR SRRSTft ft I $ft ft?ft ft feft ft ft 

ftrfftR RRft ftft RR ftftft) 3TN fttffteRF 
ftRTRR ft) Tjft ftsRTT eRT TJcR f%R RTT Rftft I 

wr wr£\ fftrsr ft ftrfftcR7 fftR^r ft) ReRsnft 
ft) 'Reel'd fRTT ft ^ftRTT RTT ft I (fftR 39) 



ft^r 38 

^ WTftT cf5t ^I'ft 


X40 


X400 
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FFt fr^t ftf c^r^ic^i Rhceim ft^Riei f)ft wi 

FFT % I Wit t 3TRT FF F?TF 'FMel f ft? 
c^lRlcbl % 3 FFW FtF-FtF Fl cblf^|ct>jJ| 
(organelles) Ftt t afk t FFT FRt f, FFt 3TTFWT 
t WTFTF %t FfFT t, cblRlctJl Ft fsjRTTSff FT tfc 
FTT^T fcrf^RT FFFTT Ft fpfTFT3t FT PltoRI %t 
WTFT RTFT t, chl^lcbl ftFTRF Ft Pl4?|U| %t FtFT 
tl ?tt FFFT t tlRlFd RHc£|M 3fR 31l^cjR|cbdl 
% #F TRRT Tsfrt Ft 1 1 STstfcT W TW f 3TT t 
ft> FFT tftt t 3TFct tltt FFT ^JWf % FTFFFFF t 
chlRlcbl Ft FFT ’Jjf^TcfST tl FF % felt 

3TEFFF FeT tt t ftr 3TTRFT tFT Ftf^TFt ?t ^Ftf 
FT?Ft FtR|cf>|(| tRtWFett cK|lf^TTcfj6||cbl^i| 
FRJ eft Tp?3TTF eft tFT ft chlRlcbl ft tteft t W 
FTT% FTftT f F>f FWF eft FtftTFFt Fteft 1 1 3TFft 
T^F cblRlcblsff Ft FTF TJFT ttFT I TfF cblRlchlsff 
% 3TSRFF Tt Frf ttTTfM % TlfFT FW FTF % 
^W^^^WTTWt^TFRtr^ttt I 


/ \ 

FtftTFTT ftFRFT FFT F#FTfrT Httld 
FfsfTFT 1 1 FTFTRF FF ft FtftTFTT FFT FTT 
FFT fFTTTT t I FtftTFTT FTF FFT fFFTfFF 
ftrt FTTft FF fejr$t FTF FtftTFTT t ft 
SfftuT TFFT tl FTT% FTF FtftTFTT Ft 
WT: f FJ Ft FTrt 1 1 Fft Ftf FTtf?TFTT 
FFTTFTT 3#rtftrT FR Ft IfFtIfF ftrt ft 
FTf Ft FF sun -|$| ttrt I FF %TTT 
FTT FR ft TTFTrt 1 1 tFFTFTFT FTT FTF Ft 
fft FTF TTRFTT FFt FFT t ftT FfHFTFF FF? 

FF PHFHH %ft FtFT t 3ttT FFt FTFt-FTFt 
Ftt FtfFF^T iFFlftrT ttrt FFT FTrt 1 1 



%FF cblRlcbl 

V ) 


' 

r ^ 

s 

FFtTFTFT t F^T 
cblRlcblsff Ft cP% 

FFF FF? FtF 
fttFF t? FTFT FT 
FFFTT 1 1 

3TeFT-3TeTF FftMtFr t fdt fttpF 
FF?R Ft FtftFR FF FFnt 1 1 






FftFF FtftTFF 
^^F^kT FtftFF 

-4 

IFF Ft ttr 
Ft FtftlFF 


V 


F^F FtftTFFt 

FFg3ff t FFT FF FFT Fit % FIF FTFFF 
FtfFFTTFt FTT fFFTFF FFT FficTT tl FFT 
FFTFTFTTF ttf tt Fttf t fFFFt fFFRF Fit Ft 
SFTFT FTFTTR TFFt 1 1 ^ TtF FTt^lFTTF FTFt 1 1 
FR tt fFTTt 3TF Ft FtfFTFTTF FTFTT ^ Fntf f, rt 
t FtfFTFTTF Ft FtftFTTF^ FFIFTT FTTFt ^ft^frTFTT 
tet 1 1 fr TtF Ft%FTT3t FTT fFFTFF FtFT I Ft Ft 
1 1 FFT FtitlFTT Ft tttfFF FtFTT FTT FRFT Ft 
FtftFTT FTT FR # ^ct t FFT ^Tlft FtftlFTT T^F 
FtftFTTFFtTFFtf I 


%rfFFt t trt TtF FtftTFTTF TstFt t TRTF1FT 
FTR Ft t Ft ftftr TTRtFF 3FT Ft FFt FfdFT 3RT 
3TFf Ft FtftFTTF Ft FFT TTFTct 1 1 ^FFt FFF t' 

STtTFTF 3TF FFlt % FFTTT fFTF ftt ^ f | 
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chlRlcbl RHc£|M: 3TtR Wt 4R*T... 


^cT fad 1 4^ cblRlcbl RHc£|M ^4T 4M 44 fW t 

Rp RRrWR R W? cbiRichisff R Wcr 

4R t RR vjf|c|£]|R4i 4R eFFFT 4TRt Rt44 fWR 
cRRlcblsff Wt 1 1 WcT chlRlchl R 

RtR RRpT cf5T 4RR 4d4 4# R 1 
^J444 ^44^ t fWR RRl4 % 4W RtR 1 1 444 
?W1 44eT4 4F 4# t Rp Rt4cT 4?t 4<P chlRlcbl 
4R FJ4T Rt4cT 44 R? 4T4T v 5TT 4T% | WlcmRf R 
ffac444 44T4F 44R t, 44T4R R ffaePM 3T4 44R 

t, RRt % dld^ld R cRf 44R t RR RtfW RRf % 

414^44 R Rf4 44 RrW Wt 1 1 Wt TR7 WW 
fRR cblRlcblsff 44 R4 4#f f I chlRlchlsff 44 TTcpr 
RlfW fWt 44 4T444 Rt T444\ 3Fff, cNt 4 
RRsTTfM cR ^RT cRRT 1 1 

444 4<P 4T4 RR Rt RRddd t — 4T444 
RRrsnfRR 4tt RtfW RlfaicmCi 0T444 tfWf 444 
Wit t; 4T4R 4^-44 4444T W t, Riw 4>t RtfR 
cT444 4Wft t, fcRRR 4>t RsP4T ^Wt 1 1 
Rp4 Rt R 3TcR-3TeR 1 1 Wp PR 4>t Wl^l R 

Rt R Rt 4^ 4Wr t Rp 44R W& 

4hm W Witt I ?4T4T4RRR wra 44R4 

1 1 W 444 Rt 4RR4 W fWr ^ RRr % 

4 ^p RrR % 44T R Rt ^ ■jjfW RnnRt 1 1 

3TRR4F44T WR 4*444 4^4^ ^PtRt I 


44? f|- Rt4 ip RtRrt RRt Rt 4 W 443 R Rt 444T 
4 cm 4 R RfRf4dT R4T RF4 RfR44 4>6dldl R I RR 
41 d 414 R 414 vjRl R R d'S, cRT, hRI , ^>d 
W 4 RR I W R^ 3RF44 Rt 3RR-3RR fWT 4?f 
chlRlcbR RrRt I R 44 F R Rt44 ^ 44 3TSR44 

cW ^4 W Wt 24 Rp twt ^ R Rt 4 ^p 

4>lRl44 R ^ 4 W 44R fWr 4 R 44 R 145 R 44 

Wt 1 1 4F 4 RR 44 R RrR44 44 WlR 1 1 


3Rd4rTT, 4ReT R 4RWr W % W 

44^ 4?44jR SPtR tl 3TR Rr 44 4444fR 

4RRT443R R RrR44 4-anRt W Wt 1 W 44 4^ 

Wt 4R fRW R 4t R Rt RfR R TJ4T W 44 RT4T 
1 1 444 R433 R R R44 Wt d,RRd 1 1 Wt 

3TT4 Rf4 44 ^TRjRf 4R 4dtW Wit RR RfRt 1 1 

344R 441-^^41 Rt Wt Rp 4eil R * 1 R R^r R 
WRpP 444R 3TTR 44 f I fRW 44f R 
§dild R 4dld 44TR 4R 4lR Rt ^TeT 4Rt f I ^4 tR 
442T W RfW W R£^ 1 1 

4RR44 fR^RT R RT444T R Wr Wt Rp RR-RR 

4? 44T RP 24 Rp RpRt 4RRT44 4R R444T 4 44R 
4R 44R ^44T Wc4 R RtRt 1 1 Wp4 R 3444 Rt 
^4T ^44T 44 42TT4 J J,U|W R RRdT 44T I Rp4 |4? 
3fl4 Pl^ldd 4fR*P4 44tRf cp 4T£Zf4 R 4F 44T 

M Rp J J, u Kid R 4? ^J44T -^RRcJ, RW 4T4R 

4I4TT4W 44TR R RRR 4W 1 1 
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^eTtf^FT 

FFtFT FtF Ft Ftf?TFF3tt 4 Tprcj# Ft FFT 

[hR-if Tf wn wtrft i 1 FtftFT m^-ihh t ft r 

FTFT tHt Ft fttR FtRlFFH RFct t t?FPt 
TJXTR^ff Ft TTW FIHM tt 3TTtft Ftct I I 
^TT% RTF FT R RKT RRFR ^rrtTT^T3Tf 3TRfR 
F[WJ3tt or 3T^FJj3ff FF TFTFPT FtFT t I ^T 
tRlt Ftf?TFF3tt % 3TFRT 4 fFFFt tt Ft 
Ftf?TFF RFrt t RTF? RTHTF^T TTW t TpFTJR 
#f I ^TF FRIM T#TFT S-MdH f | w%T I 
fFT Ftf?TFF tt RTt FT Tt 3TT?t t 

3TtT 3TT?t RFR Tt | ^TT RTF TFFTR tf ^RTcTT-ftTcTT 

F^tt % tjdt ^tt t I 

Rft RTF ^T>t tt fFRt FFT Ft (RTRt FT RT fFFT 
Ft) Ftf?TFF tt tt RtT Rrt ^ ^TT FRT RtR 
IFF Rid fR Ft FTRt TTlt tj’CTTR^T RT Ft FT Tt 
RRRt zn fqrTT tt I FR RF Rfa fR^ FT RT fFFT 
Ft FFRT ttFTI ^tt drllP-MI FTf?t f I FFT 
RRJRt % FTFtt tf T^TT FRFT RTTTFT FFt 
Ft rTT I FFT% ftTF FFFt FTFR tFFt R?tt t I W 
FfFTRT tt RR FFT 4# R^TF RFTt 'FT 
^Ft f I W % FTTT RR FFFT RTF R f FT 
I t FFTFT FTT Ft FFltF RFT FFitt t I 


FT^ Flttf Ft FTFFT f fFT RF RMIf Td^h FTTF 
FtFT I FFfcnr FFt FFt fFTRT RTFT RT%T* I ^Tlft 




3Ttr ^jTW FltF FTFtt f % RF MFkFTT Ft 
Ft Rf F FFRttf Ft FFTRT F I t FTFtt f fFT RTF 
^ RtR Ft RFltfFF F FTt , fFTTt 3TF FT 
FFFF Ftt FFTtiFF FR # I 3TF FfF FTT ^rfFrT tt W 
3TF FT FFTFT ^ Ftt FFF# ^ Ft FTF rft FF FvttF 
FFT FT F^FfT fFFT FT FFFTT 1 1 FT 3TFT tFRTt FFTH 
FF iJF FFTtF ^FR FR # 3#T ftR FTFRrT % 3T^TR 
FF% 3Fff FF FFFtF FR^ # I 
FIFM FF t tFT FF Ft FFTtF ^FR FtFT FF Ft T^FT 
Ftfrr-FFRTT FtF #F W FFFF FFFtF ttrtr FF 
FtFT tFT FF <FfFtT % fwi F^FT FTZ^t FFFPST FRTFT 
Ft I Ft FFT ^FTH % 3lfeFF FF FFFF FFT t ? 

FF FTFM Ft F3FT t fFT FF ^TfFF t FTtF ? FF Ft FFt 
t f^RTFF FF FFTtF 1 1 Ft FF FTt FFFFT FFT 
FtFt ? ^ tFRTt F%FTT FF F#F # FFT% ^ ^ F^T 
Tt, FF FFFt ^ Ft4, FFF Fttt FT FF FFF FtFt ? 

FF FFF % FFM F^ Ft FFTt^FT Ftt FtFR FF Ft 
1 1 FTt tFt 4 F^ff Ft FvttfFF FF FfcTF^T f I Fjf 
%lfFFT FTF FR Ft t tFT F# FFTFt tFFRt 
FT%TT I 

^ FPjt FtF, FFT% fFRt 3TF FT FFTFT % 3RTTFT 
Ft#TF FFFtFT FF FFFtF Ft# Ft Ft#TF ^ F|F 
FFFttt FTlfer f 3TT 1 1 FFTFt FFF FF tFRt FtF % 
#tf FF RFFfF 3RF % FFF^ ^t FR Fit 1 1 



FF iff FTTFT ^3F t % %^FT ^ FFF 
FFFTF FTF Tt FtftTFF FF t^RfFPF F^f FRFT I 
cftf^TFF sRF FFft dlFelkHIvF FF 'tt TJ^T FF 

Pl4d u l FtcF 1 1 

FF tft FFFt FF FTFT TTC ^3F t % ^f^TFT TrftpF 
%rt FtftlFF tr ^Ft FF t^FtTFT FTFFTT 1 1 FF 'tt 
W tTcT ^FF t ftfT FTcTT-ftcTT tr F^ff FF FTRTFff tf 
MgFFI ^t ^f^TFT FftTF % FTKTF ^ tt FtFT 1 1 
^RvIF- FftPF Ft ^cbl^dl ftf^FF ^ff FF ftFtFT 


FTFtt 1 3ftF trfF FTFt 1 1 3TM FF TFTFt t ftr 
TJFTJFt FF ^ tftF FTFT-FTFT RFft^RT 1 1 
FF FFT vttF tr tjtF Ft ctFR R^t ftfRft 3RF ^ttF tr 
T3tF-^F (FFt tttFtF) t TTltFt eFt 1 1 F^T FFFF ^ 
TttF-MRclRld T5tF FFTF FF 1 1 FF tt FHlttcb 
FFF FF FFT gFFT FFFR RFFT 1 1 

Ft R^tFTtt Ftt tr tJfM t FJ^T f 3F FtftTFF 
RHc£|M FFFt eFFT ^TFR FF FTF ^FF t 3ftF Ftt 
FTFFT t fcfT FfF ^R T5TTFT f I 
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cftRlcbl %£FtT % fpRftP fftcFRT ft R7RR 
cfft ^cf> ^J5T 4 fftftfft ft RFftt ftfft<*>| RPTfl? I ?FT Rs? 

Wi % T3FR ft ReFT-RcFT fft^ft FTcft 
ftft ^P|i||41 RRft^ftRRTRf I FfW’ftTO 
FR t fftr % ftftr vft 3 FtR fftrgft t ^RFR 

3TTETR cFTT ft, ft %ft ft^T gift ft I 

wr Rfttftr % ftftr Fftftftr ftftsft cpi ftpR ftfa 

RcbKH (evolution) cR RHcsJM 5RFT RRR ft cfff 

/ 


cblRlcbl RHc£|M ?ft W RFFFt ft TR^ ^f^cTT ft % 
cblRlcblsff ft> W *R ftftpT RT ftRTeFT ftftT ftt?TT 
% I W Ricgl'rl ft)c|H % 3TeFT-3TeFT wfl Fft TRT 
^RftfftftftcTTftl 

ftc T fcFFIR RT RHc^M ?ft fftfftR ftftft ft> ftftT 
R^peff cfft cfR ftRTT RRT W 1 1 RW 1FT 

w ft?i Rft ft ftp RTft ftftr ^Riiii41 ^rr tr ^rft 

RFFT ft ft W fft^R 3TFTT WFTfftR ft 1% RT 


A 




‘ep’ ft? % 'M'l ft 
RP cpftftcpi ftt Fft 


‘R’ % Cfft cblRlchl cpT 

fti^cp RrWeFfF FR ft^cp 
ft ftRcP fft#r SRSPJ 

ep)R|ep| ft FTR fftlT J NI 



Egfifc , ft 7 

‘R’ 'ft? ft 3PRP3 
feFTT FFT I 

3PW3 m ftRR 
fft fftn j ni 



?R RTF fipft ftlRlcpI ft 
%RR eft ‘cp’ ft® ft 

ftRlcpI RT 8JT WR ftr 
FFTft ‘R’ ft? % 
3PRP3 RT FT 


FR ftrffteT cp)R|cp| 


eft fftnfftr Ffft 

fftlT J NI 



ej>R RJRT efR ft Rl Rift % e y 

?R RJF Rftf TJ°T eft RP V 
#ftt ft? (‘7f ) % Rft?R 
ft RTTfftcT <R fftRTT T FIT 


ft® R’ ft RP *11^1 ftft eft RR fftR fftft ftfftt 
FFT fftR W I ftftft eft |R cftfftcpi ft JjUK^ ‘cp’ 
ft? % ft I FRlcR RF% RTft FRSlft ‘ep’ ft? ftft 
ft I eR ‘ep’ ft? eft WR ft! I 


RcTTR ^JF t ftp fttftt 1%R ft? eft ftft t - ‘R’ eft R 
‘R’ FT R’cft? viFepI Iftdl eftp %? 
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0HKi % ^TcTT ^3TT cjoic-1 sTM 

elTclf (Helicoverpa armigera) I 

^TRT 3fR 3T^T eUcrf 

^ spcncT % feP^ Rl^Rld f^TT TRTT % I 



TTf^T Tf R^Rt RF RlR-% TTRTR TT^TlfcT % ^off % #R 
FtrTT Id RRT 3TR R>R <=lRlld=bl' % RTTT d=Ml^> f 
r^H*l RRRTHfRJTft RtRte%##RTt RddRH 3PT 
RR RRFl' 1 3#T ^ Rfa %' #T-^t if TtR RR^ f, Rlt 
RF ^Id r+'Hl -JTkI MRlPd RFFt I 
FRRFT^R#RTRFf3TTf foR|RRRHPRR#Rt% 
4)H H^-^^TftRFfRFtl I FR^ ^R-RRTF^RRlfR 
3TRTfa rfr^ ff rrt %fRR Ft rrt 1 1 

4)il RFIIR djW%RIRTfrFt ] tl RFIIR 
%tM^T 4U1 HIRch RRT <^<=hd|Ri|| RF did dJURMIRI 1 1 

RRitt t % Rtrt wi rrt Rrte % R^<hilh fRR 

RTTRlil RFRR 4 FRRF Rk Tt 1 } RFt dt 
4?t 4 R# fRR RRFT W\ 1 1 RTFT RT TFT t fRT 3TR RF 
Rfe FR RFTTTT % RM RTf RFf $dt<ll I FTRt 'bUHMeb 
foFR^RTfdHId cbR?tRTRRtl 
^#RRTR^IfcdRldKTT^%RcT?fRRFt#RF 
Rffe ?W RfdTNt Ft RTRRT I ^RTt 3Ttr, fF? RTlRf RF 
RTRRT t % RFTTTT 3 RF TRTRRRlft 3 Rt Rf^nT 
sftT # TsKMddlt RTfeM Ft RTRRt 3#T RRRTt fddfdd 
RHHI J^bdFtRTRRTI 

tM Rfr Pn^fech rr ^ MUdfdd trtft rrt $ f Rft 
TJT3TT RTt C'Irk Rt fRRTT ft I T TrTT Reft ffft TRTFT RRPf 
RRRtRRRHI Pchddl ^feT#TT? 

RF Rt fRRTT I % Rft TRTRTRTTR eft RR RT?T RRT FRiT 
R%ft I ftft, TTFTST TTRTR 4 fs? TJR RfR dieHk RFt 
Rlct 1 1 3TTRRF I fRT r| dRHIRF RTf RRR ft FT RIRT- 
ftcF RRRt TRTFTf 4 FR ^ftf % aRTfW ^ RTF RR% 
TFf’t I RRT RRM RF ^ ‘=li©dlR’ ^pRt RF %RFrT 
RFR eh^ll | R#RFFRI^ RIRlPdcb RRTEfFt R^RFIRT^ 
RF RFR R R^ I ^ RTT#T RRM 4 R^t RTF F^RIT ^ 

jfNjjT # t, RRT FTT RTF R^f ’JTT RR^ % RT(% TftfRR 
^ I 3HeilRldlil|Lbl, HlHRirRiPTIR R^fTF % FR RTF R5t 
TJTT RFRT TRRR RRT fRRT I cdFpRWi R>t RRcft TR5TT % 
RR^FR% RIRlPd^ mRu||R TTR% TTTR^ f'l fR^ZRT 
FFtfRRfTR ^ rft FRT^ MdHJ^i RTT FRT RTt 3 Tr1r 
TRRTRRT tl 



56 


WRfft ddrRl ftt W?TT ftftft 3TTRW ^cfft 

3RW-3TWT ftftft 3 ftcR-ftt WFTTft, WT-ftt 
'IKHIdPlcR fftwft, WT-ft WTft M WdT cfftf 
ftftftT cfT ^T# Ft WRc TTl ftt ^T ftt W 'Hdlddl 
^TfeR ftftRftwTW’^ftftTft Refund § 1 
aratrT ^ftcH W ^T »R W ffftqrftt ftddd ^tcR 

ftt WN WT 3jfR ftft? vjftt ft ddciN fttft-fttft IJclft 
fftfcRT WT ft?T ft? 1 1 fftWH cRT RfcsJM WTTcTT 

tfowftftftft WfftcRRT?RfftcRWTftf3TTt I 3fk 

W fcfcRTTT TjWTcT: TTcRfcT cf>t ^TfftRftfcnft % 4 

|> 3TT 1 1 cR1R|cR| RHc£|M ^ftt ft 3TM ftftjp 

fttcRTTfftft % ftftr cr[^4i ftftt 1 1 c^rft ft t?, 
ftf<T fftWTT cRT Rh^M 3TM ?TcR ftftjp ftt WTW 


ftftRTTfftft % ftftr cR^t ftt? ftm ft 1 ft ft Rhcsim 

ffteTWT ^ fttWFTd TTcR ^T 4 ftft ftft ft I 

WR TTcR ^TcTTeT ?*Tft wR WT ft I W ft 
^ftt ft fft ftftRTTft ft WTFT, fttfftcRT ftt fftftt wft 
ft WTfftTcT cRiRicRl ft ft W Weft ft 1 WK WfTeT 

ft Zf^ t fcR Weft cRlRlcRl cfft TJdftrT ftft |rf sft? 

c^ft wft ft wrrer wtft wrft wft fftftftr 

WTftf W ftfTT ftldd ftft ftfR |> 3TT fftfTft fttw 
ft ^T ft? ftft Welt cRlRlcRI ftftwr ft Sfft? 
3T2ftcT ft ftft-ftt ftftftrfcfft 2ft fftft Rfftfa WTftf 
ft W?T: WW ft wfftW W^ftT ftWT cfft vjprT fft^TT 
2TT? ^T WTTcT % W2T ?*T WT ftt ftRRft ft ^fftfft 
W WT?T ^ cfft ?ft ^T cTeRR iwftt ! 
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1590 S 


1665 

1668 

1674 

1676 

1831 

1839 

1840 

1856 - 

58 

1857 


#FT £FT ^]cRT cfjj 

3 nf^N 

fcfj - wfo Cj5t cbl^lcbisff cfTT 
fcFFF 

M->kW) M £TRT ^TcT: 

eijcHi^b ^ tcf€rf^TT 
TRc§ sTT^T % 3TTfcf^ cblRlcbiatf 
cb^SF ^IT 

^efT^T c T ^cTFT £FT FlRlFI 
RHc£|M yfcNRH 
3 Tefe W F'loflF'! % iTFTT 1 % 
^TbFJ 3fF 3F^FJ F)RlFl(! f 
T^T. f^MT^fT ^ ^FFJ Wrf$m c5t 
SF^FJ FlRlFI Tf 5T^I cFFt ^STT 
clMcFF ^ Hl^ci|cMfu^i|| cfF 
3RefF^T f^TT 



1858 

1869 

1879 



yRF SfTBF 3fffc[>^ ^ FlRlFIsff if %FfF 


xt^leF RrfRt ^ Omnis cellula e 
cellula RHcsIM wRimRd f^TT 
H\$Z\< ^ ^t.T^T.TT. TJST^ Rf^TT 

Fett^R ^ FlRlFI fcRFR 3 TF^ff 
cpTT cmm ^stt 


v 


FSFF fFwF: 
Omnis cellula e cellula 
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t 


V 



1883 

1898 

1902 

1924 

1932 

1953 

1955 

1982 

1996 

2000 

2003 


V 






cftRlcbft 
(haploid) ftft f 

chf^dl £RT W5fr cfTFT 

cf,r fftRR 

3TRft%ft Rh^m 

5Rdft 

WT Sfc^T^k^r cfjT 3||fc|fccbK 

ft ^ftcftftT sRFTT 

^t.TpT.Xr. eft ftftft 
dlft-ddl ^cHKHI 

^Tef ft cfft?PT WR 4 TTPR 
chlRlchl eft itRtjt vR^eff cfJT 
W eRPTI 

^ftT-MRc|Rld ^ ^Tft ttxt 

■ft? cpefR ftfcft cftTR - WT 
^RSTTft efftft 

RFR ftlftR m RRTT ftlTR 
WeTF efftft ft^TR 




\ 

ft rid d fthT ffRP 


d\ddl cfJT^dldl 
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qRRiki i 




^ftcRTRR % f%arcf7 TTct fcpgnsff W % feR ^jaRT# (microscope) TRfT ^ tt Hs^^t tjtrrrT t 1 
vH4,Rid mvm Wr ^ fc^r w t Wr ^t t^ht cmt W ^r WrPt 

feRTTRRl 

^jaWf ^ WFK % tit t - ^ReT (simple) 3fR t^cfR (compound) | ^Rel 3 RfT TJrTR (convex) 

W tPTT t ^ffcp ^cRT t tt ^rTeT eRT iW ^ RT ^ t)t 1 1 eRT RRJ % SITcR? eft sf^T 

cR% fWcTT t (3TTcrf^T ft^) eft e^RT W® 3TTcrftcT ft^T eft 3ffc tt 3TTcrftcT cfR tcTT t 1 Wf ^ ^RJcftT 
^W^WTtt W Wt I tt cpPlcR W W^3RdlcM I 



3TT^kr (i) 


RJoT 'HH'jH (3) 

dlclcbl (2) 

^ WR (4) 
^T(5) 

efcRft/Wp (6) 
3lV) fee) (7) 

t^T (9) 

TR siq (10) 
ftcPT (8) 
cb^RK (11) 
RWFT (15) 
Rbet'l (16) 

(12) 

3TRR (13) 


PfR 40 


^ hRt|4| 

^jaWt ^eTcff STI^ cR 6RT tit % cfTRUT *nf| 
tTcTT t R? STRTTtt t d RR | 

^ftl Rnfeifed RR tit f: 

sKfcsft graR U % 3TT45R cfjj TRfT 3TT£TR (base, 13) 

dt ^jaWt eft Rsrctt trft eR?n 1 1 fWl 

dddd WRR^RURTcTTt I 

3RTR t #tvft 3TaR C cf> 3TRTR eft TR7 ^T 

(arm, 5) Pi cfj del) t 1 ^JT ^4T % rW ftt R? R*r 

Wt dfelcbl (tube, 2) dtt ^ftt 1 1 dieleR eft 

W-# TORI RT R4RTT t 1 

dpHcbl eft tW“ttt Wl % feR TJRT TR R| vjfMt 

dldlcbK yP^ill tftt 1 1 wft yP^4l (3) dPicbl 

eft 6f% wtf (grooves) tr ^RTcfT t sfR dPicbl 

3TPR5 Rpf Wit t 1 WR4 pRT cRi T-9JR 

xHHdd (coarse adjustment) ^RTT 1 1 Wt 

(4) dPlcbl Wff ^R fM t, dielcbl 

WsfP ^R-^M WfT 1 3fR flRr cR dddd 

(fine adjustment) ^tcTT t W W Wrt ifW 4 

W^nfWftt I 

dlcHcRI % TSRpt W ^R Wf cR TRfT TRf, 
WfTcRtr fefW $ eFTT W tl W fefW 
^jaWit ^p\ dPicbi % tsW ^ 4 W ?t 

RTcTt 1 1 fepRH ^ ^R cf?T 3TR ^ f^ W 1 1 
PfRft W ^ ^jaWit 4 ^ ^FRT 3fe ^ 

W ^ % ®R tl 3RT: ^T fePdl ^ 
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RR4/f4RR (6) 
3 TT 44 R} ( 7 ) 

4 r ( 9 ) 

4r R? %R (10) 


311 (1 ) r 4( f | 3TT^fm 4t 3TTcr4T aTRTTT RR 

RR f44 44 %, 44 5x, lOx 3TT4 I 

R[CTR4 cfft Hf^cbl % f4d4 f4% RR £TT^ 4t W 
RR4 (disc, 6) ^R MR r 4 Ft# % f4 r 4 360° 4 
44T 4 TJRTRT 7JTT WI %l ^R RR4 % 3 RT 4 
^44 N 4^44 1 1 ^444 4r4 4rr4rT 
RR4t I 

%RT r4r 4r TR7 ^leMIcbK RcRTT 4 eFTT 4RT % 
14 r 4 3TTRR RR ^41 44 1 1 ^f%4 cfft RRRRT 
4 ^4 RR>d) RR eft 44 4 RRT RT Xlchdl % I IpT 
4 r 4) 3TT<4fcfRR (7) r 4) 1 1 RR4 cfft ^HldR 
HH-cll^ 344f4R[ cfft 311^41 >H cfft 44 4 RTRT RT 

WI 1 1 ^ sffe^fcfScf RR 4 RR4t 3Rcr4T RRRT 

3rf4R 44 % 1 

4l<4ll4ic| % 4r 44 RR r44t4 (9) 4RT 1 1 ^4 
R^R cf^4 1 1 r4r 4 41 441 -cl TTcf7 jjlellchK 4 r 

(i o) 4 rt % 14r4 4 4rr HcRm 344fcRR 4 rt 
RRRTT % I ^R ite 4 44 3TR RR-RR f4cRT (8) 
44% 1 


4t RRRfR RRcFT Rt44r 44 
afMf^ToT cfft 3 TTot4r 5-TM % tjttrr^ % 
RTTRT 44 % I RRTFTR % ffrrr 3TT44R r4 
3TTr4t RRcFT lOx 3%T 344ftRR Rft 
RTRftR ^ihcii 45x ft 4 ^r f44r 4 RRJ 
10 x 45 = 450 rpn 3 tt 44 t f 4 i 4 44 1 


3Md)4H 4 RRR RR^R 4t ^R 444 4 44 
4 rtrr rrt rtrt % l rr? ^ct 444 4 f4rR 4 

RRR RR RR ejtRR (holder) ftfRT ft f4R RR ^f^ff 

44 1 f4r4f rrtrrt 4 rrt^r 4r r4r rr rt4- 

44 sfk 44-^TR RsKHcMRI RT RTcReTT % I RTRR % 

rr r4r 4 44 % 4rt41 rrr 4 rr 4rtt rt 
RTRRT % f4 RHI$R 4t 14ddl fevHchlill 7RTT % 7TT 
■fRT^R RT 4RT-RT f%^fTT 3f44^cf 4 44 % I 
44f 4 44 3T^T1TFT 44 1 44 : 

(r) TRh 4 rtrr ^4^ £trr 4rt4 ^ 4r 

3fWR ^4 t ?T2TT ^r 4 3TR Wef ^4 t 

4cTT % (12) I i4r 4t f%eTT4R PR 
ft-SR 14 ill RI7TF % f4 RR ^R H'S'l dlell 
WRi rtt44t %4r 4r 4 44 4 4r 4 
4 4ctt ^3n 3i4414ici 4 w? I 

^4t 4 4r wr sfR er 4 44 t 

4n4PlHlelRsldR444t : 



4 r ( 9 ) 

4r q? 4 r (io) 
f4R (8) 
r4rr (ii) 
^RRRT ( 15 ) 
14 eCX ( 16 ) 

r4t (12) 

3 TRTR ( 13 ) 


(^) 444f (condenser, 13) PRW ^ 13 RR 

4r 4rt 41 TTcf7 (14) 4t WRRTT 4 
'HHlfld 4 r 4 MRT 4t 3lf4fKRFT PTRT 44f 
TR ftRR 4 44 RT rr4 % I 
(r) i?e4 4 4 rtrr rrtcr: RT4 44 44 
% 4h4 4 r 4 17R ^tdT % 1 ipr 

44 rt rrrr rr4 4r 4 f4pr 4 r 4r 

RR-44T f4RT RT RR7TF % I ^4 RIRRIR 
( 15 ) <*>6cl % I 
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3TTc|?AJcbdl F^ 44 447R 44 f^ f%4T RT 

4474T t 447RT eft 447 Wit fcp^T F^ Ft4R 
3TT^ 3fft chciel 314 dWd 4>t vjfT 47?t cRd, 47) if) 
444^14 47^, TRfft 3TR-T4RT % ft4 47> 4# I F^ft 
314dWd 3lf£l47 ^ 474 ft f%4T RT 44RTT 1 1 

( 4 ) 447 3R4 75cft ft fttft 44 471 f^RTT 7|317 4714 

(16) FfcTT tl 444ftT 414: cftftrj 

447RT ft 3)4dl4H 47ftt 444 fcRTT R14T 1 1 
Fft ftf7 e4R 47?ft t I 



1. 444 4ft 4447 'tdi^'S % ftNtftNr 44 4Rj 
4ft451 ^444 31c|d)4H fftRIRRTlt I 

2 . Hlft 4ft TJcf} 4T Ft ^4 cRd, 44 'Sic) I 4744 ft 
cFIcRf^nTeFTTcri 

3. ^a44?ff 4ft F47 SW 44f fft 441 44 447M 
4TI4ftft3714l 

4. 44T1F^ 4ft 4^4 44 ^ 447R 4ftl fcp 44^ 4^4 

Cj|cf> \±>LR FT I 

5. 4Rdd 4+4 4ft F^T PR 4ft % 

44lft M'ddRfd 3lfft47 ft 3[fft47 447R1 44g 3 
ftft474^4ftl 

6. 47ftft4R cf#T 3744-ft)ft 474ft 37lftft41 ft ZfF 
ftft 1% 3lftl47 ft 3lfft47 447R1 311 4F1 1 1 

7. 47^ft4R 4 ft 413144414^4471 44414 4ft I 

8. 37lftft41 ft clHR 314cft474 474c1 4144714 
% ft4 cf>T F47 H4>K si'Si-U’Vl 4ft ftp chdd 
P^Mcbl^ldFf I 

9. 474 344ftl 41e1 377ftrfft44 (4x 41 lOx) 4 ft 
44g ft 4744 Rift I 

10. Sllftfftr ft ^ ftgft ftt 47F1441 ft 

dfdcw 4ft 4744 41 ftfft 474ft ^ 444( 4ft 
ft|cRH4ftl 

1 1 . 4J¥4 WH 474ft ^ inch'd 4ft 3jk 3lfft47 
4W4ft I 

12. 37fft^3774ft4 4lftft47 477 4Mft4 474ftftfc14 
4fc7471 cRt 4?HX 4ft 3fft J i)dlcf>K 447cft 4ft 
441474 4tf^cT 3iMfodc| (lOx, 45x) W\ R# 
RPF eTRl WTF7 ^ ^3cT f 1 ? dfcHcbl cRt 7R 
d4> 4)^ cf^" "^RF pcf^ 3TT^ffecr eRT 4>4X 
f^RT 471 RPPP ^ 4 Rrf I 314 3TT^fkT ^ 
fi? dfelcM c^f ^FT HWI 4?) 444 ^ 
44 447 T3RR vicin' "44 447 4^ 

47147R 4 F( 4T4 I ^4 47^^ 4744^44 41 
4dTF^ % 44^ 47T ^4cRT 4^1 4F4T 1 1 
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% et^r cpt arrgrr ^er ^tt w^Tefk ^tt 
#M4 afrc WTcfN % ^ ^f^tt 


^TT%tt| f ^ ^ecfcldel ^T vdMifHl 


^TT%Tt cpfff ^ ^ff ^ faw^T % feTTr 4 

eMT^TFt WTWsf^echl^d ^^eT^TKTTt I 



40X 


400X 


cffr cfr^r ^ feP? ^ ^T cprq% ~^\ wk 
cf^TT ^T%iT ^ Plchdcl 1 §RI ^ 

tf\ c^T W\ f^TT W 1 1 » ^Rcf WRI 
W ^HFTSTT^ft T?sT fcp 0 h 4 ^TT §RT cpt ffTeT-^ntef *T 
^HR\ 

^sRfa ^ ^Tcfnft 1 1 cprq% R §RT ^ cfTT f) 
f&U 3 Fc% ^ ^ I 

4 TTcf^ cf5t W^R ^T STT^tfkT FlcT 1 1 

^ ^;a^?ff ft^it ^tt simlci^eK 

c^^cHlel 1 1 W en^T FicFT t % eF% ^FFT 
SfcR^cFT cfr^r R 3Mf R W 
Ffcnl ^ anf^kr cn^ h'mIck^ch^: 

c^^cHlel 1 1 ^ 3TcTefr^T RRl 

WR ^ff sfNt eft) ^efT W) R 3T'RrRT cf^TT 
^TT%Tt| ^TT WR\ ^ RRR] 4 enf ^ cncft 3TRI 
R cFT ?FM H^'U FTcTT 1 1 

fM) ^TTRlfr ^ ^eTT^ ^TT^ % feT^ ^ fMt 
fcT^T PR ^ ^cr ^ f<? 3 STKtftcT ( mou nt) 
fcf^^^t I 3TR^WFT (mounting medium) 
^TFT^fr W\ WR\ % ^TT9T ^ 

cf^?TTt I 
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3TFT cftF FF F##fF# F>t FJCTF# FT #IT FTTFTt I 

ftf f[sff# Tf ft ##r t cfr f^tt #- 

3PFft T#T FvTF 3TTeft tl #FT eFTFT t #FT 
chl^lcbl cfj 3FFF FT# FFTF FFT fr FFT FF 1 1 W 
^TT H^l % I FTT #TT # % #Fl 3TTFFFT if FT# cT# 
#T FFT # FeT 3 f#5T# ^cT t ^TF# cf FTFFF 3 
F 2 # FT F|TcT 3TeTF-3TcTF f##T FF 1 1 FTr#TFF3Tr % 
FHcTl if# cf5t FTF FF ## H<W>] FFT? FF *T TTTF 
FTRft t V5TST FF #TFTFt 3 FF# #TFT #FF# 1 1 

F# ii'Wchi # cblR|cbl3ff % #TF FF# # f#FFTF 
FT# 1 1 FF# ^ FFF # FF# f## FTT FF#F <£T? 
FTF#TFTl? I 

^cb°|cbd FF##T cFlRlcFI^ cT#t,#T#t3ffFFT#t# 
##t i er^####^#FF#FTFr#tiF## 
FjFFF# # F# f#FI FT# ^Hfc# SF FTF $3# t 
f# cFlRlcFI FF# ## 1 1 F#$TFTT # F#T# F# 
#S[# # F# F##T f | FTF# 3TTFTTF F#FTT # FF t 
f# FeTT^ FTT |FT FTFTFTT F#fTF #FT-FTT 

FF# I #FT FTF# fF F##FTT3TT # #F F# #FTF FTT 
##l ^# cM'd-lfcl cbl^lcFI # vFTFT 3TTFTT# # #FT 
FTT FTFkTT 1 1 3TTF FT## f# FTF F#f#FTT F# FFJ 
FT# #FTF F# #FTT? # #F FT # 1 1 FFTTFT F# 
##TFT cFF FTF#T # f#-3TTFT# ^FF FFFT #FT t 
(###TF42) I 



#TF cfT #TF ^T 



FTF# HTFT f#FT #FT f# ^FT Fld^d #T FT# f## # 
FFT f#-FTFT# FFTF 1 1 ?# eFTTTT t f#T F##TFTT F# 
3TF##F FRFFT # FTFFT# FFTF FFF # ## 
FF WTFT f#FT WdT FTf# I 

## #F-3TTFT# ## t FFF f## # F^ 3# ^ 
## FF vFT# # # 3TTFTF FvR 3T# 1 1 ^F#TF 
#FT 3TFTFT ## # f#r 3TTF #F FF FF #vff # 
3TeFT-3TeR F#fr # FFFFTF #FFT #TcTT % I FFT 
FFTFFF ##Fl #Ff FT TFTvT FF F^ FTT#FTFT t 
f#F# F^ #-3TTFT# F?FTTFT #eTFT 1 1 FFF ^F# 
T3FT# 3TF##T FFFT # FT# TFHFF# F# 
#cT#l 3TTFT#FT FFFT FTf FFTF# # f#T FF 
T3FT# FFT T!F# FFF FF# t (f#T ^l) I ^FT FFF FT 



#F F #F F 
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RT TO f%-3TFTPfr RTOT 


W W TOHT t % 3HR ^ TORT ^4 ^t€\- 
nfrTOT ^ ftefcfr? SPTT 1 1 ^T nfrTOf cf?T 
wmz W\ ^PT % feR ^FT TORfff 3H#f TO 

cTTOeT f (Rrt P) I TOPH 4 ^jff ^MRcb ^RTOTT 
RT R^RPT ^ feTTr eft TORT ^ ^TORT 

cbie41 ?M (Rrt ^) sfk sthr tr rp 
■RrefT-'^err Rrt wrht ?Wr l 


RrRpT ^ 311-dRcb xH'y-cHI cfff PFRFr % 
feH? iff TFT ^ff cRT? ^ 3TFf W5eT f I RpT 43 
4 TOT RT foTRTTOFft FTOR TOlfaT TOTT 1 1 
W FTOR TOT ^4 PTOpff % 3THR PR ^HTOT 
TOTTt I 

W RWT t #if ^ER % TORT ^ ^ScT 
€ I ^R cR TRT n ivj-s PTH TOHT %, T?cf> PcT 
Tpff^H ^HcTT 1 1 ^ R# TTTTO5 PTH ^gRT PT 
eFHT Rn TOT TORT t, Rnfc k|cfl^H PTH ^gRT 
4\ iff TORTT fcp TP TORT 1 1 <M TOT RfeTTcfR 
^TTOf TO ^ TOT ^ TOR #T 3THHT 3 ^ 
HTTOTOefft I 


cT^ cf?T TOR 


Rr 43 
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wr ^R^Rcm jiRiRRrt <fr rt 1 1 

cfRcfj 6fx^ c^rf^T Cj5t afk iff t??R Cf C^JW WW 
eRT^rri 


1 . 



cfTT^cldlchH 


■Hl^elcblfu^ill % ^cieilcM % feR ^cnf^qT 
( prffrm c)v/), feicft cf5t Hxi°l, wvT cj5t f^rWft rf 
W cf?T cblRlchl^ ^cfj #iftl ^ cfRr r^rt 3 
#RT TfRT-sft cR RvTT RfeT WRF ef I (100 ft .eft. 
TTpft 4 200 ft.TFT. ftftRT ftft-ft RTR of I) sRft 
WvT Cf5t ftrfftftT ^TeRR Rfftl 3TT?TT R3T 
ft I 3TTft wft ^ UTeeft RT 2 ft .ft. ft 
RT <RRR cbld-chvj ^FT^ TR ftf sfR ft Rft ft 
srftf cr? eft? I 3 pt cfRR ftft wm^ 
STTft^ ft 3Fc|eftcM ft | 


cRRlcbl ^cZT ft fftft ^F Wft ft-ftft 
R 3R5FHR WTR f^Rshffr I ftt 
RftcblRftl 1 1 



dsllnzd 

HiftftiVii 


cblRlcbl ft 

X 1000 


fft 44 


2 . TfecfT ft RTRT cf>T 3)c|<H|cM 

W iRR W?3R RFRT ft Fgft RT fftft 
EFT^R ftvF ft RT^fR ^Rlft ft ^eFF^ ^ 

ft H I'll ft 'R'PfR 3Fftt dX6 ft>e1l ft 3fR 
W^f^^Schcb^^CT^ff^31c|ellcbH ft | 


3.ftftfftftT 

^rfft RWfcr ft, ft wfrr ft ftft ftR ft ft i ^ftF 

^FeTT^ *R RIcfR TR7 ft cf?r RR' ft ftft ftF 
ftft | TR>-ft ft ^<FR Rftt F2T ft I 1RT *R ftlt 
ft 1-2 fft RcF^FR RcR f^pr ft oRRR 3Fc|eilcM 
ft I 



Ift 45 ft ft<*> cf?f ecraT 
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4. ^cRT 

Mcp cfj MPT Zf U p M Mp cfj Mh cMld cf^T 

^ Mp 3-)c|ei)ctH fcRH RT 1 1 ^ MM 

MM M ^eTT^ M M M cT EPS M 
*rFMMt^^rMM fMfsM 

M PRR fM eFTTV M ^ 3TCRTRP! 

3 M | c^r cfj fcfFTRf CR SfTWt W 

MlM M J ll41 % Mt M ?RF ^PvR 

STT^fM 

5. MMMT cPT^ 

Pxft M F^cdl eft 3TPT j?T ^ I 3RT rjcp Prft 
cf?r Mr cpiz Mft cpi ^p i 



(M 46 Hxfl efft 3)l41 WS X200 


Mf 2TT cf^ 3RP M Mr rM 3 rM eftf^pr | 
^cp Tfmcft WR RPRftl 3PT RR <M cf?r RRR ^ 
pM-pM 'kHI^'H M M RPP cPlM 
M rrrMprm pp 
X' ycpx ppfMfp ^ifeP*, PRRfMPRrMpM 
pjspM 3 Mp i Mr rprpt pM M rM rrp 
^ PlPd°l RRi? ?PP cf?T PRPT Mt I 

cptf^TcPTSff cf?T fMpRTT cPT XTcp SFJPTP eRTPT I 


?P cplMlRT ^ MjP cP^ MM cplf^|cpjj| M ^T 

^ 1 1 MlM 3PT ^ 'HHH cPHcPM ^ MlP 
M wf cPT Mm pM f I zr PM MMM 3 
MT-pM fMPR RTfMpf Tf PP? Mr 1 1 M cell 
inclusions <*>M |t | if MMpT3rf PTP WT^ Plcl 
M M 1 1 3TT^t Mpf PP PPTR Mr 1 1 


6 . % <4> u l 

PRRT^MRRMppPvPPMRRT^PPpMl 
Mr Mr |p 3 M p prr fMp d j iicpx ^pM 3 

M I ifM Mpi % 1% PPT <£b> RPpMft RPPTP 

cplRlcbiaff 4 dvR Mr 1 1 



m M M m srpfrM % ?c% Mr ttcp- 
^rf^^idcpxcfNrfM: M^cjl w 

3MTcRP M I (MMt cPT M - McPd 
CR WeP£T feRR STRfrM M fRPT Ml 
Mr Cf^p Wt ef I) cpj^ Mr M % epuy 
3TRfrM % RTT9T fM W$p W5 M 1 1 
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7 . 

Pft PPP zp STZft PPPPT oflfa^ I cf?T 

STTft ppp cf^TT ZTT XTxfr <ft tTcfj ftppft Plcbld 
fftffp? i ^r ^appff f fzff nt ^zff #fr zppfr 

Rzsllsf T T#ft I f ^ff JTTZT: PPPZ zp P^eT % PPT 
f flft 1 1 fzf ft pf 3PP 3TZft Cf5t PTPTP f iff fZ3 

PPPct 1 1 f %f^TZR StlcJvlele % zf tl ^ft cf?r 
<TPS 3H-<41 PT 3Rft f}T Pet cf?T p®f| Z3Ft PZ 
pj^pjftPct^dQflftfrtl 



8 . f^RTT^ 

PTPPPft cpt eft 3TTP PTTpf ft 1 1 ^ZTcpT BtPT- 

ztt pppst ftepp T^ncft ptptp pzpcpz zjappff f 

fztt I ^Zp£t cbl^lcpiaff f 3PWt RHdKl ftzft zp 
fftoft fppPT ZPPTP ffzfft I IpT ZPPTSTt W\ fZT 
P ogf tl f ft %fe^RTR 3il4v1ele % zf 1 1 ff ft 

zf 3TPPP (sffcfP^T) Cj5t pft f ft PTP vJTTcT# I 



ffp 48 p^fr 200X 

9.fozftfeT2I 



pffzft cj5t chiRicbisff f PTf vJTFf PTcft pep afk 
ZPPT RpftfeTST f I ^Zt fzpf cfj feP? zpfz zp 
PZPP efff Mxfl P>t 3TTft P>CM ZTZft c1X6 P>lct ffzt 
ftzfr Cf5t ppft 2ft I ?ZT zppjp zpf ZJSPpff f fzf I 
cblRlcbiaff p5t fcrfcpTPT PZ HTTP ff % ppp-ppp 
chlRlchlsjf cf?t ZTPZt PT^ft PZP (pffffZT) PZ 
HTTP f I ZT# 3TTWT ^ ftzft ZPPTP 

ffppf fftl ZT ft R-KPltelP tl zt PZ3TZTPT 
ff^TZR PPpRtP % zf f | 
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SPWJ 45, 54 
toRkk 16, 23, 47 
toRl 24, to 26 

toft cf>t tot 4 ^fr, Ji(cirSlf&r 68 

3R^ 41 
3R^MT%n^t 56 
STT^TETTdY STTeTT (mtokTk) 34 
klj,cifto Pto 32 
kR.TpTk. 32 

toto 16, 16 

$e)4^H ^tot 23, 24, 29, 59 

tolklllsto WTcT 20, 32, 38, to 32 

mtototo to 40 

toPTek^PT 39 

kRtocTEFT 16 

^RtoRkR-m 56 

^TwlkHIvH 20 

effcRT 33, to 33 

Efto 

Epfk cfff cfiCI-l, Rid 10, 12 
^tot epctft, j iRiRRt 12 
tok, totorEm 10,12 

16, 17, 19, 27, 31 , 32, 47, 53, to 23 

3Trgcfto 7k ept Rrtok 32 
ktto cRltoikr k tom, to 1 6 

topp ftoft 27, 28 

cp'Scf) 'gcZf 28 

mm Ek <4>1 Ri<4>i k tom, to 17, tortor 17 

to? 52 
cpltoi J l 20, 52 

totok ftokt to, Itokl tot, wto 26-27 

cplRlcPI toTPT 36, 38 

cplRlcpI Rtot (cpcTT) 15,19,30,31 

mtokm, tortor 31 

diHIcHcp (^T-^P?) WIk 30 
WEfTP fto 30 
ERRmT EPT W? mm 35 
cplRlcbl: dHdNd cf f%-3ntot TEpTT 38, 64-65 
cplRlcpI ^czr 19,27,28,47,54 

tor sfcZT sPTFT toto skT, wto 28 
cpltol tor 15, 19, 30 


cplRlcbl: ^RTFTto to^T 23 
cpltol Rifl'd 7,18,28,43,48 
tokTfto tom 18,19,20 
to 3TFjtoFPcTT 52 

to toto, kto 21 
torftoPT: wkt mm 14 

to % mm? 58-59 
kddd Ek -tjddd 53 

toRKW cT ItolcHcp 9 

WRRT tok fEftoT 53 
EptitoT k totoi 47 
EpritoT mp 52 
EptftoT ET mmk 7 8 
cplltol ftomp 32, 48, 52 
fbltod 32 

k^3ft k cprftoT topjpr 48 

mm to tot k totoi ton tortor 49, 51, 

Rid 51 
totorrm 38 
toto 53, torr 54 
totormd 25, 38, to 22, 35 
to k, tortor 22 
Rrfto snEpRmt %, tortor 22 
totoT k, torRrRr 22 

tok 24, 40 

tok tokto, tortor 40 
tok k yjeH, tortor 48, to 48 
w ck cpiRicPk, tortor 14 

Rtekt WI 20, 34, 38 

kttot, %tot 20, 59, to 59 

quKjd 32, 47, 48, 53, 54, 59, to 47 

mk Ek tot m stotor, tortor 17 
toito tototo kto 56 

to kFTTfto ijcito 56 
kid , to-^T, kldld 54 

to-tocrfc to 54, 59 
tort Ek tok 41 

top 16, 58 

to tom 55, 57 
Efto 21 
mto, mto 8 
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48, to 48 


32, 59 

7Ff cf5t 3il^l cf>ic 15, [to 15 
to R chiton JiRlRlf&r 41 
'^R'dcb pfto 44, 53, 54 
^RdiRH 16,27,31 
^RvlillkHIvH 28 
M eft 3TFft cf?T3, ftorfto 67 
TTpfr Eft tolto 39-40, to 39-40 
WR, oj^ 43, 44-45 

WER % yprPT, cfto 44-45, to 44-45 
Mftlton 24, to 26, 29 
toto chlRlcblC* 35 
PTTvT cfft fftooft, J lfdRl(^r 13 
Ml'bftch ch|f$| chi 25, 38, f^ra" 19, 25 
ijcfj toftto, to 25 
ET PT^Tf cftR|chft 25 

Espg TTcf EnMoT chi chi, to 29 
ErM% sfR FRJ chlRlchlsff 4 3FoR 53 
cH^Rl sfft RRj E^rRT ft #Ef 'HHHdl 18,25 
toRftto tot toch-^jf chlRlchl 24, 36, 37, 38, 
to 37 

M?m toto 35 
Mchlto TJWtof 23, 25 
Wto 36 

toftR, Mto 20, 48, effcRT 20, to 20, 58 

4>WhI, ftfto 16 

Mfftl, cTTcSR 47, 48, 58 
4-dl^H ftR 32 

tot, tot ERTRT 56 
ftgT, chic! 20 

^ckHRaII 24, 37, 41, to 41 
WF3P, Rlto 16, 31,58, to 58 
% wn stotor, tolto 67 
W# ERT top Xpp, JlfclRlRr 42-43 

tofttof, JiRifcif&r 66 

TTT^fpmTltoT 12, to 12 

Hl^rilchlfu^ill 20, 27, 34, 35, 38, to 35 

stotor tofto 66 
tofto Tjsptot ft 35 

PT?totfton to cfvftTtore- 35 

toto Eft tot Eft Ei^FT, tofto 12 
totfto 35 

fep CRT topT m>, toto 45-46 

top eft certt EhT stotor, tofto 66 
irftor 35 


JjJeM 47, 48 
Egto 4 ^Jdd, 

■^otldl 24, to 39 
ijftRftlftch chtRlchR 24, 36, 37, 38 
EFFT chlRlchlC; 67 
RT^totPT 32 

toft f%toT 32 
toeT tortot oF^r 39 
RRMchlii 36 

to, toftftt 41 , 58 

EFT illcpiK FERF, to 43 
TREFT, gpM 3TFFR toRch 24, 59, to 59 
entoto 34 

oTToT RER chltoR 32, to 53 
c^chlkHK-ci 36 

e^cH^ch, xptot W1 10, 24, 39, 58, to 58 
EPPFT TJSPtot, fto 39 
UTRT «FTFI PF toRePf^eT, to 39 
toT?Ttot 34 

fftto 53 
topfKRT 34 
^fFFJ 45, 54 

i!dft<5H, toPTRT toR 18, 19, 31 , 47, 48, 58, to 19 

^cTRT, totto 18, 19, 48, 58, to 19 

TH^cW TJSPMt 16,18 

TReT TJCTtot 16,18 

'HlMkHIvH 19,28,54 

WRtoRC 31 , 47 

TTTtofttofto 36 

ffttofto 68 

23 

ftftto? 48 

ftoTjoR Motor 20 
^CTto 11,23,60,61,62,63 
to chltol 52 
toto 16,23 

Mrt tor-ft 66 
Mrftfe toto 23 

toltod ^ 14, 16, 17 

ftftft'T i6 , 17 

T^Rpto, EF§M tooR 47 
REfcT: TfpRT cR Rh^M 41,43,47,57 
wto, RR 10 
to, Roto 21 
toto, ftifto 33 

fch, toft 8, 10, 12, 14, 58 
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44 4ldr^d #4 fcl^rPT 3T52TTWT 4 f#4 3 4# 4^#T 4Tef 3F4 eft# 
# RTeHjeT 44Rft 44 4#4T 1 1 ^4T Hl^d cf?T d-jcbeMHI Rl4>RHd 

4Rft 44 #144 Tf 4541 4 rt rt drifter # 1 $f 4 , 3 rRf 4 4#r, 444 4ft, 

f#4R 44R, 4leRcR ^tr, 4j#4 ##, 4#4 Rift 4 451 #4 44T 
4j#4 ft 4FT feF4 I ftl'SFjd 4ft RRt HI 44 444ft 44T4 dlftldlftl^d 
4>Rjd4 44# c^RlcTl £RTft4R4ft4ft 4T44 4Rd4> 44#44T I 

^4# 3Te44T, 4# ^ftd# ft 44T4-4FFT 44 ftl'SFjd # 3TeFT-3TcFT 
4R4ff 4ft £2TFT 4T 444R 44ft! ftu#l# ft! ftF# #! 4FJ^ 4Rft ft 
444 ffteft I ?4ft SRlW ^FRf, WRffR 44, ftftT4 4T44T, ftR4 #4, 
R4 ,4ft . 3FR44 , %44 #4# , 4jfft4 #41# 4TTfftd 1 1 

?4T ftl#]d 44 RffeRT 4# 3TeFT-3TcFT 444T 44 f#4T 44T 1 1 4fteRT 
4! 444 ft |T3TT 1 1 RR d! 44# 3TcFT-3TeFT ftftftf #4 dftftftftf 4ft 
3TeFT-3TeFT RFFT 44 f#T4ft 4 14# # RTT^T 34vF44T 44T I 44*4 ft! 
44 ^ ftt^d 44 ^4>^d 4fteRT ftRTT 444 #$44 4RTT44 #4, 
44444 ft 4]4? ffta#! # 444 #4T 44T I 44 4ftaRT 4#4T ft 444 
4ftgft4^ ft ftf 44 4T4^d 4ft cZTT44TfftR 44# 4 4FT4FT fftdT 1 1 



44T4ft 444-4R4T 4%4 44 444 3TT4T4 444RTfft4T % %44 ftft# 
#4 ftd4T 4eff#fR # 44#4 ft #4T 1 1 4ftft ##4 W4 4T4 

#fft44#l 
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IJcboM 

x^eTczr ^ WI t v5fT ftWT ^ f^TSTT ^ vjHRsIH % Sfa 3 

WT^^ttl ^cbd^^JI^R^pff^eT^cr^er^sn^^ffsM^tl 

^chdcil cf5T f^TEfTT cf>T RcbKH cfr^TT t «Tf cT 

Mi|!c|^u| ^ uj^t ^T; «fr ^tef, TTferf^T ^ ^uHlrHcb Wejsff 3TT«TTftcT Ft I 
3R^ cf^FT % ^RFT IFFT FFTT % fcf> -d^dl PFTRT cFft ^TTafcb Ft ^cpcl ^ ^FT 
^TWf ^FRT % sTK, ^eT % W? 3lk W 3 ift, ^FTTcW 

% ^TeT^T Ft I focTT# cTSTT Ff^TF ^T ^Tmf ^ 3^ ft^TT 1 1 

ftwT ^ ^pfl ^ 3TF^ W cFT fsR?TR M?H ^ ^ *T fcfrqT 1 1 «iwf 
Cfft MpPlchl WWFF ^ 3TefraT Wfr (f^TW^T ^ tcRTeiM F^Rf) cRTT 

(^rt%cF Ml^cbl) ^TTR PliJp^d WRR 1 1 1%«TT, ddRsIH ^cj s[Wf ^ 
feTF ^pTKW JlRlRlfM % 3TeTM fcRFRT % ^TTW ^5^f ^ ^#T foe#, 
WTTft 3TTfc ift iicbdoil ^R4,RHd ycblRld ^tt I 

cl^HH 3 ^cbdcij FSq 5T^"?T 3 ')frw, FPJFTRTC, ftMRill, ^T, ^TRT, 

^v^H, (%ef) =T I Rh d I (fe^cll^l) ^ fef?T WlfeRTT % Wf ^ 

cFFkcTt I 


fcfnTR cf?T WTjft ^ TP^TT 3TFT% c FT Wlcftl fTPFT 3TFTFft 

IchdNl cFT3T^[cF^I4>4ch, *R|4R T^f viMifl jf| sFTT^Ff^fF^ RleHfi I 

7FT^>: books@eklavya.in 
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